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Fri-11:20-Plen-7
Nanostructured metal surfaces - from surface science to electrochemistry /
electrocatalysis

Plenary lecture

Rolf Jirgen Behm
Institute of Surface Chemistry and Catalysis, Ulm University, D-89069 Ulm, Germany

The Surface Science approach to Heterogeneous Catalysis, aiming at a fundamental understanding of
catalytic surface reactions from studies of elementary reaction steps on structurally well defined model
surfaces under idealized reaction conditions, has been extended significantly by modern developments.
Nanostructuring and in situ spectroscopies allow the use of more complex, but nevertheless structurally
well defined surfaces and more realistic reaction conditions. Likewise, progress in theory and computation
allow the description of surface reactions in increasingly complex systems.

Similar strategies can be employed also for gaining insight into fundamental processes in electrochemical
and electrocatalytic reactions on complex electrode surfaces. This will be illustrated for a number of
electrochemical/-catalytic reactions. Furthermore, the role of surface restructuring under electrochemical
reaction conditions will be elucidated. Finally, the potential of this approach, which aims at the description
of the overall (electro-)catalytic behavior of the electrode on the basis of the reactivity of individual
nanostructures, will be discussed.
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Fri-9:20-Plen-5
Adsorption calorimetry techniques on well-defined surfaces and their application
in understanding catalysis, photovoltaics and atomic-layer deposition

Plenary lecture

Charles T. Campbell
University of Washington, Department of Chemistry, Seattle, WA 98195-1700 USA

David King and his group developed the first calorimeter that could measure heats of adsorption on the
well-defined surfaces of single crystals with sufficient precision to reveal new understanding of surface
chemistry, especially by determining the energies of adsorbed molecular fragments that are catalytic
reaction intermediates and otherwise inaccessible experimentally. Since then, other groups including
our own have adopted this technique and made substantial extensions, including: (1) heat detector
replacement with a pyroelectric polymer ribbon that is pressed against the back of the sample, allowing
routine measurements from 100 to 350 K with high precision (a standard deviation of 1.3 kJ/mol with gas
pulses that contain only 1% of a monolayer), (2) adsorption energies on well-defined metal nanoparticles
grown on single crystal oxides as a function of particle size, (3) metal adsorption and adhesion energies
during thin film growth, (4) energetics of oxide-supported metal nanoparticles versus size which correlate
with catalytic performance, (5) measurements of electrochemical adsorption and reactions at liquid/
solid interfaces, and (6) transient measurements of heat-signal line-shapes during two-step reaction
mechanisms (e.g., molecular adsorption followed by dissociation) that give the heats for both steps and
the rate constant for the second step during every gas pulse. These extensions and their applications will
be reviewed to assess the current state of adsorption calorimetry on single-crystal surfaces, and its future
prospects. These energies of well-defined adsorbates provide crucial benchmarks for assessing the
energy accuracy of quantum mechanical approximation like those in density functional theory (DFT). The
same type of pyroelectric heat detector has also been extended to measurements of adsorption energies
on thin films that have been deposited directly onto the detector’s surface, affording a further 10-fold
improvement in sensitivity but now limited to polycrystalline surfaces. Applications of this approach will
be described which clarify: (1) metal/organic interfaces of importance in photovoltaics and LEDs, and (2)
mechanistic and energetic details of thin-film growth by atomic layer deposition (ALD).

Work supported by NSF grant #CHE-1361939 and DOE-OBES grant #DE-FG02-96ER14630.
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Wed-14:00-Plen-3
Electronic and phononic structure measurements on superconducting surfaces
using scanning tunneling microscopy

Plenary lecture

Young Kuk
Department of Physics and Astronomy, Seoul National University, Seoul 08826, South Korea

Theabilitytomeasuretheelectronicorphononicstructureonasolid surfaceisagreathelpinunderstanding
the bulk or surface properties of the solids. Although it has been widely used to measure the electronic
structure of the surface using scanning tunneling spectroscopy, it is known that measurement of phonons
is not easy. This is because the phonon signal is not well measured in the tunneling condition of scanning
tunneling microscopy. In this talk, tunneling conditions capable of phonon measurement are presented
and experimentally demonstrated. We will use this experimental method to understand the electrical
structure of superconducting materials and to show STS results when the phonons contribute to the
formation of electron pairs in those materials.
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Fri-10:10-Plen-6
llluminating nanosystems at surfaces

Plenary lecture

Elisa Molinari*
University of Modena and Reggio Emilia and CNR Nanoscience Institute, Modena, Italy

We are now used to consider first principles theories and simulations as reliable and predictive tools
for many ground state problems in surface science. Describing excitations and their dynamics from first
principles is much tougher, but extremely important to understand fundamental processes following e.g.
photoexcitation, and for the theory of spectroscopies. | will present recent progress showing that we are
now reaching predictivity and quantitative accuracy for realistic systems also in that case. | will focus on
two case studies that we have recently explored:

« organic photovoltaic interfaces and model photosynthetic systems [1]: what controls the ultrafast
charge separation processes after exciton generation ?

- graphene-based nanosystems at surfaces [2]: what is the role of screening and substrate effects on
many-body interactions and exciton binding? what are the excitonic spectral signatures, and how
can they help in understanding the self-assembly process at surfaces [2] ? how to identify plasmonic
signatures [3]?

In both cases, ab-initio approaches beyond mean-field theories are needed. We use real-time time-
dependent density functional theory when coupling to vibrations is critical for large systems, and many
body perturbation theory in the GW and Bethe-Salpeter approaches when we need the highest accuracy
in excitonic effects.

I will discuss how these approaches are helping us to address the above questions and have contributed
to successful interpretation of experiments [1-2], and the challenges we see for the future.

* In collaboration with C. Cardoso, A. Ferretti, D. Prezzi, C.A. Rozzi, A. Ruini, D. Varsano. Computational
developments are supported by the European Center for HPC applications ‘MaX — materials ate the
exascales www.max-centre.eu.

[1] CA Rozzi, SM Falke, N Spallanzani, A Rubio, E Molinari, D Brida, M Maiuri, G Cerullo, H Schramm, J
Christoffers, and C Lienau, Nat Commun 4, 1602 (2013); SM Falke, CA Rozzi, D Brida, M Maiuri, M
Amato, E Sommer, A De Sio, A Rubio, G Cerullo, E Molinari, and C Lienau, Science 344, 1001 (2014).

[2] P Ruffieux, J Cai, NC Plumb, L Patthey, D Prezzi, A Ferretti, E Molinari, X Feng, K Millen, CA Pignedoli,
and R. Fasel, ACS Nano 6, 6930 (2012); R Denk, M Hohage, P Zeppenfeld, J Cai, CA Pignedoli, H
Sode, R Fasel, X Feng, KH Miillen, S Wang, D Prezzi, A Ferretti, A Ruini, E Molinari, and P Ruffieux,
Nat Commun 5, 4253 (2014); A Batra, D Cvetko, G Kladnik, O Adak, C Cardoso, A Ferretti, D Prezzi,

E Molinari, A Morgante, and L Venkataraman, Chem Sci 5, 4419 (2014); L Massimi, O Ourdjini, L
Lafferentz, M Koch, L Grill, E Cavaliere, L Gavioli, C Cardoso, D Prezzi, E Molinari, A Ferretti, C Mariani,
and MG Betti, J Phys Chem C 119, 2427 (2015).

[3] L Bursi, A Calzolari, S Corni, and E. Molinari, Quantifying the Plasmonic Character of Optical
Excitations in Nanostructures, ACS Phot 3, 520 (2016); R Zhang, L Bursi, JD Cox, Y Cui, CM Krauter, A
Alessandro, A Manjavacas, A Calzolari, S Corni, E Molinari, EA Carter, FG Garcia de Abajo, H Zhang,
and P Nordlander, ACS Nano 11, 7321 (2017).
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Wed-14:50-Plen-4
Supramolecular and covalent assembly of molecules at surfaces: chirality,
complexity and diversity

Plenary lecture

Rasmita Raval
The Surface Science Research Centre, Department of Chemistry, University of Liverpool, L69 3BX, UK

The nanoscale details of how complex molecular organisations and architectures are nucleated, controlled
and propagated at surfaces have now begun to emerge from scanning probe microscopy, a powerful
range of surface science techniques and periodic density functional theory. Organised molecular
assembilies give rise to important functions such as molecular recognition, chirality, adaptive behaviour
and confined motion that are important in functional interfaces and new materials. Furthermore,
complexity in organisational behaviour is found to be induced by simple initiators such as the molecular
interaction with the surface, chemical fields or from fluctuating populations of differing molecules.
Finally, the transition towards robust, covalent assemblies will be demonstrated via on-surface synthesis
of macromolecules using clean, generic connection strategies that utilise the C-H bond as a synthon.
Scanning tunneling microscopy reveals that covalent macromolecular heterostructures, displaying
diverse compositions, structures and topologies, are created with ease from seven distinct building
blocks, including porphyrins, pentacene and perylene. By exploiting differences in C-H bond reactivity,
controlled synthesis of specific products, such as block and cross-linked copolymers, can be attained.
Further, the symmetry and geometry of the molecules and the surface can be exploited to determine
the outcome of the covalent bond forming reactions. This strategy opens up the capability to generate
libraries of multivariate macromolecules directly at a surface that, in conjunction with nanoscale probing
techniques, could accelerate the discovery of functional interfaces.
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Mon-9:30-Plen-1
Surface science approach to the molecular level integration of the principles in
heterogeneous, homogeneous, and enzyme catalysis

Plenary lecture

Gabor A. Somorjai
University of California at Berkeley, USA

The surface science of chemical reactivity utilized single crystal surfaces to determine the atomic
structures at interfaces responsible for rearrangements of molecules through changes at covalent
or charge transfer (acid-base) bonds. The evolution of nanomaterials science has had a large impact
on molecular catalysis science since most heterogeneous, homogeneous and enzyme catalysts are
nanoparticles in the 0.8—-10 nm range. Monometallic and bimetallic nanoparticles as well as core-shell
structures and oxide-metal interfaces are used to study multipath catalytic reactions with high product
selectivity. At the same time instruments were developed that can be employed to study catalysts under
reaction conditions to monitor dynamic changes that occur during catalytic reactions, their atomic and
molecular structure, and composition and oxidation state with high spatial and time resolution. These
in-situ surface techniques include sum frequency generation vibrational spectroscopy, high pressure
scanning tunneling microscopy along with synchrotron techniques of X-ray spectroscopies. Discoveries
have included the size and shape dependence of turnover rates and product selectivity and other kinetic
variables, the importance of oxide-metal interfaces in heterogeneous catalysis and the dominance
of covalent bond and charged ion chemistry in transition metal and acid-base catalysis. Below 2 nm
the metal nanoparticles have electronic structures that stabilize charge states, which can be used to
heterogenize homogeneous catalysts. Enzymes can be immobilized on a DNA to aniline functionalized
glass and they maintain most of their catalytic activity in this mode. Our aim is integration of the three
fields of catalysis, heterogeneous, homogeneous and enzyme by developing hybrid systems and new
instrument that permit studies of increased catalytic complexity.
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Mon-10:40-Plen-2
Ultrafast dynamics of excited states and light induced processes at surfaces

Plenary lecture

Martin Wolf
Fritz Haber Institute of the Max Planck Society, Department of Physical Chemistry, 14195 Berlin, Germany

Electronic excitations at surfaces can induce a rich variety of processes, including chemical reactions
at surfaces, coherent lattice excitations (phonons) or ultrafast structural transitions of solids. These
photoinduced processes occur on ultrafast (femto- to picosecond) timescales and are accompanied by
pronounced changes of the electronic structure and occupation of electronic states. Recent advances
in femtosecond time-resolved spectroscopy allow direct probing of the underlying fundamental steps
and provide a mechanistic understanding of transfer of energy from the electronic system into nuclear
motions.

In this talk, | will discuss two different experimental approaches to probe such tran-sient electronic struc-
ture changes on ultrafast timescales employing time- and angle-resolved photoelectron spectroscopy
(trARPES) and time-resolved resonant inelastic x-ray scattering (trRIXS). XUV based trARPES at 500 kHz
repetition rate opens the perspective of excited state band mapping throughout the complete Brillouin
zone and monitoring collective phonon dynamics through their influence on the electronic band struc-
ture. In particular, we investigate in detail the dynamics of the photo—-induced phase transition of qua-
si-1D metal nanowires on In/Si(111) as prototypical example for order-order structural transition. On the
other hand, experiments at the X-ray free electron laser LCLS performed with trRIXS provide direct in-
sight into chemical bond formation in ultrafast surface reactions. These studies allow new insights into
dynamics and details of the potential energy landscape.
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Wed-16:00-K-OXID ® HALL-C
Metal-supported 2D oxide systems: strong versus weak substrate coupling

Keynote Lecture

Thomas Obermiuiller, Falko P. Netzer, Svetlozar Surnev
Surface and Interface Physics, Institute of Physics, Karl-Franzens University Graz, A-8010 GRAZ, Austria

Two-dimensional (2-D) transition metal oxide layers have attracted significant interest during the past
decade due to their novel emergent properties and high potential for nanotechnology applications [1,2].
For practical reasons 2-D oxide layers are usually supported on metal surfaces. This leads to a coupling
of the oxide overlayer to the metal substrate, often strong coupling, which creates a metal-oxide hybrid
system with properties that are largely determined by the oxide-metal interface. Here, we report the
formation of a 2-D W-oxide layer on a Ag(100) surface, where the oxide appears to be only weakly
coupled to the substrate. The 2-D W-oxide layer has been prepared by vapor phase deposition of gas
phase (WO,), clusters onto Ag(100) at 500°C substrate temperature. The WO _grows in the form of a well-
ordered incommensurate 2-D wetting layer, with mesoscopically large domains in a variety of azimuth
orientations with respect to the substrate. The different azimuth orientations of the oxide domains can
easily be recognized in LEED and in the STM by their different Moiré patterns. The overlayer lattice can be
imaged with atomic resolution in the STM and analyzed using the Moiré formula, from which the square
overlayer lattice constant can be accurately evaluated to a = 3.72 A; this is close to the respective WO,
bulk lattice constant. AES and XPS spectra indicate an overlayer stoichiometry close to WO,, although the
W 4f peaks occur at a lower binding energy than characteristic for Wé*, A structure model in terms of a 2-D
WO, sheet is proposed. The oxide lattice is flexible as demonstrated by the easy distortion in the vicinity
of defects. It is suggested that this WO_sheet on Ag(100) behaves essentially like a decoupled 2-D oxide
layer. However, despite this weak overlayer-substrate interaction, an interesting anisotropic behavior is
observed for the growth of WO, beyond the monolayer, where unidirectional needle formation suggests
a symmetry break of the square lattices. A second-order interfacial strain interaction effect is conjectured.
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Mon-11:30-K-ELI-ALPS CONGRESS HALL
The ELI Research Infrastructure and implementation status

Keynote Lecture

Kéaroly Osvay
ELI-ALPS, ELI-HU Nonprofit Ltd, Szeged, hungary

The major research equipment of the European distributed research facility, the Extreme Light Infrastruc-
ture (ELI), are based on short pulse laser sources operating in the 100 W average power regime. The peak
power and the repetition rate range from 1 TW at 100 kHz up to multiple PW at few Hz. The systems are
designed for stable and reliable operation, yet to deliver pulses with unique parameters, especially with
unmatched fluxes and extreme bandwidths. This exceptional performance will give ways to a set of sec-
ondary sources with incomparable characteristics, including light sources ranging from the THz to the
X-ray spectral ranges, and particle sources.

The experimental activities in the ELI Attosecond Light Pulse Source (ELI ALPS) at Szeged, Hungary, will
start with the installation of the two 100 kHz repetition rate, CEP stabilized lasers in Autumn 2017. The
MIR laser produces 0.15mJ, shorter than 4-optical-cylce pulses tunable between 2.5-3.9 um. The first
stage of the HR laser will provide pulses around 1 um with 1 mJ energy and pulse duration less than 6.2 fs.
The systems will be optically synchronized to each other with a temporal jitter below 1 fs.

Along with the installation of the lasers, we will also start the assembly of the THz laboratory, the nano-
plasmonic experimental areas, as well as the first high harmonic beamline. The XUV bursts of light with
attosecond duration are expected to be generated by the Spring of 2018.
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Tue-16:40-K-CATL ® HALL-E
Partial selective hydrogenation of acrolein over model Pd catalysts: a mechanistic
IRAS and molecular beam study

Keynote Lecture

Karl-Heinz Dostert ', Swetlana Schauermann?, Casey O. Brien', H.-J. Freund'

" Fritz-Haber-Institut, Berlin, Germany;
2 Institute of Physical Chemistry, Christian-Albrechts-Universitdt zu Kiel, Germany

Identifying the surface processes governing the selectivity in hydrogenation of unsaturated carbonyl
compounds on late transition metals is crucial for the rational design of new catalytic materials with the
desired selectivity towards C=0 vs. C=C bond hydrogenation. In our studies, we investigate mechanisms,
kinetics and thermodynamics of heterogeneously catalyzed partial hydrogenation of unsaturated
hydrocarbons on nanostructured model supported catalysts by combination of multi-molecular beam
techniques, infrared reflection-absorption spectroscopy (IRAS) and single crystal adsorption calorimetry
(SCAQ). The ultimate goal of our research is obtaining detailed correlations between reactivity, selectivity
and the particular structure of the catalytic surface turning over.

Specifically, we will present a mechanistic study on selective hydrogenation of acrolein over model Pd
surfaces — both single crystal Pd(111) surface and Pd nanoparticles supported on a model oxide support.
We show for the first time that selective hydrogenation of the C=0 bond in acrolein to form the desired
reaction product — an unsaturated alcohol propenol - is possible over Pd(111) with nearly 100 % selectivity.
However, this process requires a very distinct modification of the Pd(111) surface with an overlayer of
oxopropyl spectator species that are formed from acrolein during the initial stages of reaction and turn
the metal surface highly selective towards propenol formation. By applying pulsed multi-molecular
beam experiments and in operando IRAS we identified the chemical nature of the spectator and the
reactive surface intermediate as oxopropyl and propenoxy species, respectively. The evolution of the
surface concentration of the propenoxy intermediate monitored spectroscopically was found to closely
follow the propenol formation rate detected in the gas phase.

While Pd(111) shows nearly 100% selectivity towards the desired hydrogenation of the C=0 bond in
the temperature range between 250 and 300 K, Pd nanoparticles were found to be much less selective
towards this product.? In-situ detection of surface species shows that formation of oxopropyl overlayer is
strongly hindered on Pd nanoparticles by acrolein decomposition to CO and ethylidyne-like species. We
show that the extent of acrolein decomposition can be tuned by varying the particle size and the reaction
temperature. As a result, significant production of propenol is observed over 12 nm Pd nanoparticles at
250 K, while smaller (4 and 7 nm) nanoparticles did not produce propenol at any of the temperatures
investigated. The possible origin of particle size dependence of propenol formation is discussed. This
work demonstrates that the selectivity in hydrogenation of acrolein is controlled by the relative rates of
acrolein partial hydrogenation to oxopropyl surface species and of acrolein decomposition, which has
significant implications for rational catalyst design.
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Wed-9:40-K-NAEX ® HALL-A
Chemical reactions in ionic liquids monitored through the gas (vacuum)/liquid
interface

Keynote Lecture

H.-P. Steinruck, I. Niedermaier, F. Maier
Physikalische Chemie Il, Universitdt Erlangen-Niirnberg, Germany

We analyze the potential of X-ray photoelectron spectroscopy under UHV conditions to follow chemical
reactions in ionic liquids in situ. Traditionally, only reactions occurring on solid surfaces were investigated
by XPS in situ. This was due to the high vapor pressures of common liquids or solvents, which are not
compatible with the required UHV conditions. It was only recently realized that the situation is very
different when studying reactionsin ILs, which have aninherently low vapor pressure, and first studies have
been performed within the last years. Compared to classical spectroscopy techniques used to monitor
chemical reactions, the advantage of XPS is that through the analysis of their core levels all relevant
elements can be quantified and their chemical state can be analyzed under well-defined (ultraclean)
conditions. In this contribution, we cover several different reactions which occur in the IL, with the IL, or
atan IL/support interface, demonstrating the outstanding potential of in situ XPS to gain insights in liquid
phase reactions in the near-surface region.
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Wed-11:20-K-GRAP ® HALL-D
Towards the low temperature growth of transfer free graphene

Keynote Lecture

Masaki Tanemura', Riteshkumar Vishwakarma', Kazunari Takahashi,
Mona lbrahim Araby ', Yuji Wakamatsu ', Golap Kalita', Mohamad Saufi Rosmi?,
Yazid Yaakob 3, Masashi Kitazawa *

" Nagoya Institute of Technology, Japan; ? Universiti Pendidikan Sultan Idris, Malaysia;
3 Universiti Putra Malaysia, Malaysia; * Olympus Co. Ltd., Japan

The major concern in graphene research includes the low-temperature growth, transfer free growth onto
the substrate and position control growth for a variety of practical applications. Although chemical vapor
deposition (CVD) is well-known to provide the high quality graphene on the catalyst surface, the transfer
process of graphene onto the desired substrate is unavoidable, making the position control of graphene
difficult. By contrast, transfer free graphene growth and thus the position control of graphene growth is
readily achievable by the solid phase reaction method, namely, simple annealing of the stacked carbon and
catalyst metal films [1]. Here we report the transfer free graphene growth on SiO, covered Si (SiO,/Si) and
glass substrates at the temperature as low as 250 °C by simple vacuum annealing of the stacked carbon and
catalyst metal films on the substrate [2].

The key to this approach is the selection of catalyst metal. In the previous papers, transfer free graphene
was synthesized at high temperatures (>750 °C) using Cu, Ni and Co, which are typical catalysts for the
CVD graphene growth [3-5]. By contrast, the metal catalyst employed here is not popular for CVD
graphene growth [2]. A catalyst metal film (500 nm in thickness) was deposited onto an amorphous
carbon (50 nm in thickness) coated SiO,/Si and glass
substrates by laser ablation method. The samples
thus prepared were simply annealed at 250 °C under
vacuum condition, and then the catalyst metal was
removed by chemical etching. After this treatment,
as seen in Raman spectrum (Fig. 1), the surface was
characterized by the intense G and 2D peaks together
with a small D peak, confirming the direct growth of
multilayer graphene on the substrates. Although the
domain size of the graphene formed was still small, : . :
5-10 um in an average at the moment, this approach 1230 1730 2230 2730
will open up a new route for transfer free and position
control graphene growth at low temperatures.

D

Intensity (a.u.)

Raman shift (cm™)

Figure 1. Typical Raman spectrum attained
after the removal of the catalyst for the sample
(glass substrate) annealed at 250 °C.
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Tue-16:00-1-PISC ® HALL-A
Buffer assisted growth of metallic nanoparticles and oxide films as a versatile
ultraclean methodology for materials synthesis

PISC Photo-Induced Surface Chemistry

Micha Asscher, Liat Zilberberg, Serge Mitlin
Institute of Chemistry, The Hebrew University of Jerusalem, Israel

The growth of metallic nanoparticles and thin oxide films has been developed in recent years as a
versatile methodology to prepare ultraclean metallic nanoparticles and thin oxide films, under ultra-
high vacuum conditions. The metallic nanoparticles (NPs) are grown when clean metal elements are
deposited on top of rare gas layers or water (Amorphous Solid Water — ASW). The size of the metallic
NPs can be controlled in the size range of 3-150 nm by varying the evaporation rate, the film thickness
and the cycles of deposition. We have recently demonstrated the dramatic enhancement photo-induced
surface photochemistry led by hot electrons that are generated by shining UV on such metallic particles
supported on an insulating substrate (SiO,/Si(100)). [1]

When the metallic elements become reactive with respect to the buffer material (ASW), a complementary
process may take place — Reactive Layer Assisted Deposition (RLAD). The result of RLAD is the formation
of an ultrathin oxide film that can be manipulated to cover the metallic NPs and create new materials/
properties. This procedure is similar to both Sol-Gel and the ALD, since one can control the oxide thickness
at sub-nanometer level. It turns out that the driving force for the oxide formation is the oxidation/
reduction potential relative to water. We have so far demonstrated such controlled growth of titania and
alumina. The optical properties of embedded silver NPs within the thin oxide films has been studied. [2]
The potential of such metal-oxide hybrid materials will be discussed.

References:
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Tue-10:40-1-MAGN @ HALL-D
Manipulation of interface-induced Skyrmions studied with STM

MAGN Surface and molecular magnetism

Kirsten von Bergmann
Department of Physics, University of Hamburg, Germany

Isolated magnetic skyrmions are envisioned as the basis for future spintronic devices. They can be
stabilized by a favorable interplay of magnetic exchange, Dzyaloshinskii-Moriya interaction (DMI),
anisotropy and Zeeman energy. The Fe/Ir(111) interface is known to exhibit strong DMI [1] and serves
as an ideal basis to build up materials that host single skyrmions on the nanometer length scale. Such
small magnetic objects can be imaged, characterized and manipulated using (spin-resolved) scanning
tunneling microscopy (STM) [2].

Building upon the Fe/Ir(111)-interface a fine-tuning of the relevant magnetic energies is performed by
adding metallic overlayers, by adorption of hydrogen, or by a variation of the strain within the magnetic
film. Magnetic field dependent STM measurements can be used to obtain the specific material parameters
[3]. In addition, spectroscopy using a non-magnetic tip electrode reveales the correlation between the
local magnetoresistance and the non-collinearity of the spin texture [4]. Such a read-out of the local
magnetic state could be combined with the demonstated reversible switching between skyrmion and
ferromagnet by local electric fields [5].
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Tue-15:00-1-EG2D @ HALL-E
SPM characterization and processing of 2D materials

EG2D Epitaxial growth and modification of 2D materials

L. P.Biré', P.Nemes-Incze', G. Z. Magda', P. Vancsé 2, G. Dobrik ', A. A. Kods ',
Z.E.Horvath', J. Pet6é’, G.I. Mark', Ph. Lambin?, C. Hwang?, L. Tapaszto'

"Institute of Technical Physics and Materials Science, Centre for Energy Research, Hungarian Academy of
Sciences, Budapest, Hungary;

2 Physics of Matter and Radiation, Physics Department, University of Namur, Namur, Belgium

3Korea Research Institute of Standards and Science, Center for Nanometrology, Daejeon, South Korea

Graphene and the multitude of other 2D materials open a new era in materials science. Beyond the exotic
changes in the properties of most materials when thinned down to a single atom/molecule thin layer,
these materials offer for the first time the opportunity of building up novel materials by layering the
individual 2D materials in so called Wan der Waals heterostructures. Moreover, the CVD growth in large
sheets of the 2D materials opens up the road towards the engineering on these novel, heterostructured
materials in macroscopic sizes. Unfortunately, presently the CVD growth yields polycrystalline 2D sheets.
Therefore it is crucial to be able to characterize by AFM, STM/STS
the grain structure [1] and the properties of the grain boundaries
[2l. In a next step, placing graphene on HOPG, or of MoS, on
HOPG, generates a rich variety of phenomena which can be very
conveniently investigated by STM and Raman microscopy [3].

On the other hand, the atomic scale details of the 2D materials,
like: native point defects [4], or nanostructures, like graphene
nanoribbons, realized by atomic scale, crystallographically
controlled lithography [5] exhibit properties, which could hardly be
characterized with other instruments than SPMs. We will overview
some of the most significant results obtained in our laboratory in
the characterization of the native point defects of TMDCs [4] and by

scanning tunneling I|thography of graphene [5]. A 6.5-nm-wide graphene nanoribon
(GNR) with edges of precisely zigzag
orientation, as shown by the inset in the
upper right corner (300 mV, 2 nA). The

[11 Nemes-Incze, P. et al. Revealing the grain structure of graphene GNR was patterned by scanning
. ”_ tunnelling lithography in a graphene
?rgggfyacg%ﬂ)cal vapor deposition. Appl. Phys. Lett. 99, 23104- vk e saitie orC K1Y Siibsteatd

[2] Vancso, P. et al. Effect of the disorder in graphene grain Gk
boundaries: A wave packet dynamics study. Appl. Surf. Sci. 291,
58-63 (2014).

[3] Koos, A.A.etal. STM study of the MoS2 flakes grown on graphite:
A model system for atomically clean 2D heterostructure
interfaces. Carbon N. Y. 105, 408-415 (2016).

[4] Vancso, P. et al. The intrinsic defect structure of exfoliated MoS2
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Thu-10:40-1-GRAP ® HALL-A
Graphene growth on Ni (111)

GRAP Graphene and carbon-based 2D films

Giovanni Comelli

Department of Physics, University of Trieste, via Valerio 2, 1-34127 Trieste IOM-CNR Laboratorio TASC, in AREA
Science Park, Basovizza, |-34149 Trieste

By means of joint Scanning Tunneling Microscopy (STM) experiments and Density Functional Theory
(DFT) ab initio calculations, we have recently characterized the different chemisorbed configurations
of epitaxial graphene coexisting on a Ni(111) single crystal surface [1], providing also an atomic scale
description of the structure of their edges both during and post growth [2]. Here we demonstrate,
both experimentally and theoretically, the catalytic role played by single metal adatoms during this
spontaneous and technologically relevant growth process. The elusive catalytic action of individual Ni
atoms at the edges of a growing graphene flake is directly captured by STM imaging at the ms time
scale, thanks to the Fast-scan add-on module recently developed in our laboratory, which is capable
of providing video rate STM movies of surface process. DFT calculations rationalise the experimental
observations, yielding a full atomistic description of the growth mechanism, where the single atom Ni
catalyst acts as a knitting needle, allowing new carbon stitches to be incorporated in the expanding
graphene fabric. Our results represent a direct observation of a single atom catalyst at work during a
surface catalysed process, providing straightforward evidence of the enhanced reactivity displayed by
low-coordinated metal atoms in many model systems.
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Tue-14:00-1-OXID ® HALL-C
Tailoring the properties of oxide/metal interfaces: from metallic to graphitic buffer
layers

OXID Oxide surfaces and ultrathin oxide films
Lamberto Duo

Due to their extreme importance in nanotechnology, ultra-thin oxide films interfaced with metallic
substrates have been extensively investigated during the last decade. Among these, epitaxial oxide layers
deposited on 3d transition metals deserve particular attention because of the complex chemical reactions
occurring at the oxide/substrate interface. As a matter of fact, the oxidizing atmosphere exploited during
reactive deposition induces a severe oxidation of the substrate, modifying its chemical and structural
identity [1].

In this framework, a method to control the physical and chemical characteristics of the oxide/metal
interface is to insert a buffer layer between the metallic support and the oxide film. Buffer layers can
be exploited to tune the chemical composition of the oxide/metal interface, protecting the substrate
from oxidation. Moreover, metallic films developing metastable phases can be used as templates for
the growth of epitaxial interfaces between metals and their native oxides. Finally, the development of
peculiar magnetic coupling [2,3] can be observed by properly selecting the interlayer material.

In this contribution, the effects of either a nanometer-thick metallic film or a monolayer graphene
intercalated at the oxide/metal interface will be elucidated by combining scanning tunneling microscopy
with spin resolved electron spectroscopies. | will show how, by exploiting an appropriate buffer layer, it is
possible to finely tune the chemical and structural properties of the oxide-metal interfaces, tailoring the
magnetic properties of the oxide-metal superlattices.
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Wed-10:40-1-COMP @ HALL-E
Molecularly functionalized surfaces and interfaces

COMP Computational surface chemistry and physics

Adam S. Foster 23

" COMP, Department of Applied Physics, Aalto School of Science,PO Box 11100, FI-00076 Aalto, Finland;

2 Division of Electrical Engineering and Computer Science Kanazawa University, Kanazawa 920-1192, Japan;

3 Institute of Physical Chemistry, Johannes Gutenberg University Mainz, Duesbergweg 10-14, 55099 Mainz,
Germany

Many ideas in next generation technology are predicated on atomic and molecular control of surfaces
and interfaces. A natural route to providing this level of control is to design the interface directly using
molecular building blocks via self-assembly. The molecular design process can either offer functionality
directly, as in lubrication or electronics, or act as a template for the adsorption of the active atoms or
molecules.

Using a combination of modelling approaches in partnership with Scanning Probe Microscopy exper-
iments, in this work we consider several examples where the interface has been designed by the con-
trolled assembly of molecular layers. We compare and contrast the adsorption and reaction mechanisms
on metal and insulator systems [1, 2], and also explore the use of molecular templates to control the ad-
sorption process [3, 4]. We build upon this to explore the limits of physical sensitivity in measurements on
these assembled structures and consider new insights offered by modern machine learning simulation
approaches.
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Alloy surface science spanning composition space

BIMS Bimetallic surfaces and alloy nanocrystals

Andrew J. Gellman, James. B. Miller, Peter Kondratyuk, Mathew Payne, Irem Sen
Department of Chemical Engineering, Carnegie Mellon University, Pittsburgh, PA 15213, USA

One of the key challenges to systematic study of the composition dependence of the properties of
multicomponent alloys is the need for experimental methods and simulation strategies that span multi-
dimensional composition spaces comprehensively. We have addressed the experimental challenge by
developing methods for preparation, characterization and property measurement on Composition
Spread Alloy Films (CSAFs) (Figure 1, left). These are thin alloy films deposited with lateral composition
gradients such that an entire ternary composition space can be represented ina 1 cm? thin film; ABC X
=0— 1,y=0— 1-x. By using a suite of spatially resolved analytical tools the alloy’s physical characteristics
(bulk composition, surface composition, electronic structure, phase, etc.) and its functional properties
(catalytic activity, corrosion resistance, thermal conductivity, etc.) can be mapped across composition
space (x, y). The presentation will cover some of the methods and then illustrate their application to
catalysis on Ag Pd, alloys and corrosion passivation of AIXFeyNiH_y alloys.

Our studies of alloy catalysis across alloy composition space have focused on correlating the electronic
properties of alloys (d-band energies) with the barriers to elementary reaction steps extracted from
reaction kinetics data. Using H,-D, exchange on Ag Pd, alloys we have measured the activation barrier
to dissociative adsorption of H,, AE_, ¥, across alloy composition space and correlated this to the d-band
energy. This experimentally, tests the validity of the scaling relationships derived from electronic structure
methods.

Our study ofAIXFeyNiH_y corrosion in dry and humid air maps the critical aluminum concentration at which
these alloys are passivated against corrosion across alloy compositions, N, *(x,y). In addition, this study
maps the regions in which the various mechanisms of alloy passivation and corrosion are active (Figure 1,
right). This yields by far the most comprehensive understanding of the influence of alloy composition on
corrosion behavior yet obtained.
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Novel solutions for near ambient pressure in-situ photoelectron
spectro-microscopy

NAEX Novel advancement of experimental methods

Luca Gregoratti, M. Amati, H. Sezen, M. Al-Hada

Elettra — Sincrotrone Trieste ScPA Area Science Park SS14-Km 163.5 34149 Basovizza,
Trieste, Italy

Monitoring in-situ the lateral distribution of the chemical state of surfaces and interfaces during catalytic
and electrochemical reactions at sub micron level is of crucial importance for a large scale of phenomena
(material gap). On the other hand the environmental conditions of the experiments should stay as close
as possible to the operation conditions of devices/processes (pressure gap). The possibility to investigate
chemical processes with X-ray photoelectron spectroscopy by combining both aspects is still a challenge
for modern experimental setups.

The Escamicroscopy team of Elettra which operates a Scanning Photoemission Microscope (SPEM) has
recently developed novel concepts for a new generation scanning photoelectron microscopes working
under realistic pressure conditions. The first setup, called Dynamic High Pressure (DHP), generates high
pressure pulsed gas packets directed to the sample; under the influence of gas pulses samples experience
a several tens mbar pressure in a burst instant. The DHP has been already used for the characterization
of electrochemical devices and catalytic materials and is now a standard option of the SPEM [1]. The
most recent development is an effusive cell for near-ambient pressure SPEM where the highest static
pressure achievable is around 1 mbar. Samples are encapsulated in a vacuum sealed cell and located
behind a 200 um diameter size pinhole through which the focused X-ray beam illuminates surfaces
and photoelectrons reach the high vacuum path towards the electron analyzer [2]. The figure shows
a photoemission map of a Rh surface exposed to 1 mbar O, partially oxidized and an O 1s core level
spectrum of the surface showing also the gas phase spectrum of oxygen.
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Thu-10:40-1-OXID ® HALL-C
Multiscale modelling of metal oxide interfaces and nanoparticles

OXID Oxide surfaces and ultrathin oxide films

Kersti Hermansson
Department of Chemistry-Angstrém, Uppsala University, Uppsala, Sweden

Redox-active metal oxide surfaces and interfaces — such as electrodes, catalysts, and sensors - play crucial
roles in our society and in the development of new materials and greener technologies. In the scientific
literature, a full arsenal of experimental methods are being used to help characterize such interfaces.
At the same time, the number of theoretical studies in the literature steadily increases, providing
mechanistic information at a detail that is hard to beat by experiment. Are such theoretical results accurate
enough? Here the major challenges are (i) how to build a structural model that captures the complexity
and imperfections of the real system at hand, and (ii) how to find an interaction model/a materials relation
(say a DFT functional [1] or a force-field) that is good enough.

A 5 nm metal oxide nanoparticle may be very small to an experimentalist, but it contains many thousand
atoms, making standard quantum-mechanical (e.g. reqular DFT) methods totally unfeasible. Can force-
field calculations be used instead? Well, mimicking the interactions and chemical properties without
explicit electrons present is a formidable task, especially when the transfer of electrons is closely coupled
to the material’s functionality, as is the case for redox-active metal oxides. | will discuss some of our efforts
in the development of a multiscale modelling approach for surfaces and interfaces of metal oxides (e.g.
CeO,, ZnO, MgO) - with and without interacting molecules (e.g. O, and water).

In summary, we combine a range of theoretical methods including DFT [2], tight-binding-DFT [3], and
reactive force-field simulations [4] in a consistent multi-scale approach to examine the properties of
oxide nanosystems. We generate images and spectra to make direct comparisons with the experimental
couterparts (e.g. IRRAS spectra [5] and a new unpublished approach to predict vibrational spectra for
OH-covered metal oxides), but we also generate properties that cannot be measured by experiments
such as the water dipole moment enhancement on a surface (oftem much larger than in liquid water!). |
will also inform about the European Materials Modelling Council (https://emmc.info/), and our efforts to
promote the use of materials modelling in industry and the quality of the modelling results; the EMMC
is open to everyone interested.
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Tue-10:40-I-NAEX ® HALL-C
High-resolution AFM/STM/IETS imaging and its applications

NAEX Novel advancement of experimental methods

P. Jelinek
Institute of Physics of the Czech Academy of Sciences, Prague, Czech Republic

High-resolution AFM/STM/IETS imaging of molecules acquired functionalized tips [1] created a lot of
excitement among researchers from many fields including material science, physics and chemistry.
Here we will briefly describe a common underlying mechanism responsible for the unprecedented sub
molecular contrast [2] including an efficient simulation approach of AFM/STM/IETS images. In next, we
will also discuss applications of the technique achieving a precise identification of molecular products
of on-surface reactions [3] or imaging electrostatic field of molecules with sub molecular resolution [4].

[11 R.Temirov et al, New J. Phys. 10, 053012 (2008); L. Gross et al, Science 325, 1110 (2009);
Ch. Chiang et al, Science 344, 885 (2014).
[2] P.Hapala et al, Phys. Rev. B 90, 085421 (2014); P. Hapala et al, Phys. Rev. Lett. 113, 226101 (2016)
[3] O. Stetsovych et al, Nature Chemistry (2016), DOI: 10.1038/nchem.2662
[4] P.Hapala et al, Nature Commun. 7, 11560 (2016).
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Mon-15:00-1-ORGS @ HALL-B
Generic nature of long-range repulsion in molecular self-assembly on a bulk
insulator surface

ORGS Organic molecules on solid surfaces

Julia L. Neff, Angelika Kiihnle, Hagen S6ngen, Ralf Bechstein

Institut fiir Physikalische Chemie, Johannes Gutenberg-Universitdt Mainz,
Duesbergweg 10-14, 55099 Mainz

In this talk, we report upon long-range repulsion in molecular self-assembly on a bulk insulator surface.
Using dynamic force microscopy operated under ultra-high vacuum conditions, we provide experimental
evidence for long-range repulsion in molecular self-assembly of benzoic acid derivatives on calcite (10.4).
We argue that this finding is not limited to the specific molecules tested, but is of generic nature. We
discuss parameters that might affect a pronounced manifestation of this long-range repulsion during
molecular self-assembly. These parameters need to be considered when aiming for taking advantage of
rationally designing the balance between attractive short-range and repulsive long-range interactions in
molecular self-assembly.
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Wed-9:40-1-GRAP ® HALL-D
Surfaces of nanocarbon-based materials - chemical and structural analysis by
electron spectroscopic methods

GRAP Graphene and carbon-based 2D films

Beata Lesiak-Ortowska
Institute of Physical Chemistry, Polish Academy of Sciences, Kasprzaka 44/52, 01-224 Warsaw, Poland

The wide range of applications of nanocarbon-based materials like polymers, carbon nanotubes (CNTs),
graphene oxide (GO), reduced graphene oxide (RGO) decorated metal and metal oxide nanoparticles
in (photo)catalysis, electronics, nanomedicine, energy storage and production, etc. has been recently
reported. Due to these materials high biological compatibility, mechanical, thermal, dielectric and optical
properties they are especially useful in nanomedicine application as specimens applied for implants,
platforms for attaching nanoparticles and molecules for drug delivery, specimens designed for sensors,
photothermal and photodynamic therapy. Controlling the shape, size of nanoparticles, their dielectric
medium and integration with other nanostructures is of particular importance to tailor their properties.

The objective is to demonstrate the cababilities of electron spectroscopic methods (X-ray photoelectron
spectroscopy - XPS, (reflected) electron energy loss spectroscopy - (R)EELS) for investigating the
structural and chemical properties of surfaces and interfaces of hybrid materials. Examples on selected
samples like polymers, MWCNTs, GO, RGO, functionalised and decorated with nanoparticles of metal
(Pd, AuPd) and metal oxide (ZrO,) present possibilities of utilising electron spectroscopic methods as
a complementary tool for a wide range of surface analyses, beside quantification and chemical bond
description, e.g. quantification of hydrogen content (Fig. 1), quantification of an average number of layersin
graphene nanostacking structures (Fig. 2), surface morphology (element coverage, concentration profile,
nanoparticle size, overlayers thickness) [1-5], dielectric and optical properties (extinction coefficient, index
of refraction and reflectivity) and in-depth profile analyses. Exemplary application of these methods to
materials applied as catalysts in a reaction of electro-oxidation of a formic acid may reveal the reasons for
their activity and stability.
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carbon resulting from arcceil effect [3]
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Tue-9:00-I-CORR ® HALL-B
Using surface science to understand corrosion

CORR Corrosion at atomic level

R. Lindsay', M. Acres’, H. Hussain ', C.A. Muryn?, E.A. Ahmad?, N.M. Harrison 3

" Corrosion and Protection Centre, School of Materials, The University of Manchester, Sackville Street,
Manchester, M13 9PL, UK

2 Chemistry and Photon Science Institute, Alan Turing Building, The University of Manchester, Oxford Road,
Manchester, M13 9PL, UK

3 Department of Chemistry, Imperial College London, Exhibition Road, London SW7 2AZ, UK

Material degradation resulting from corrosion is an omnipresent concern. Not only is there a huge
economic cost, estimated to be ~ €2 trillion per annum globally, but it can also lead to destruction of
the environment, as well as the loss of life. Given this importance, there is a large ongoing effort to
understand and control corrosion, with both academic and industry based researchers active in this area.
Significant advances have been achieved, including the development of innovative corrosion control
solutions. Atomic scale, mechanistic insight into pertinent phenomena, however, often remains elusive,
hindering further progress. Such work is clearly the domain of the surface scientist, but it has not proven
to be the most fashionable topic to date.

In this talk, our recent efforts to begin to understand corrosion using a surface science approach will be
discussed. The primary focus will be internal oilfield corrosion, where dissolved CO,/H,S are the primary
corrosive agents. More specifically, STM/LEED/XPS, supported by ab initiomodelling, of the interaction of
H,0/CO,/0,/H,S with Fe(110) will be described. STM images demonstrate that even under extremely low
exposures (from an engineering perspective), significant modification of the substrate surface structure
does occur, and is dependent on adsorbate identity. Intriguingly, however, for HvO/CO,/O,adsorption,
XPS data indicate that the surface chemistry is apparently essentially invariant, i.e. all surfaces are
simply decorated with chemisorbed O’s. Data for H,S also suggest that in the low exposure regime
simple chemisorption of S occurs. In sharp contrast, much higher exposures of H,S result in a range of
surface phases, including the formation of hexagonal nano-pillars, demonstrating the complexity of the
adsorption process.
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Thu-16:00-I-ELAM e HALL-C
Towards the controlled fabrication of well-defined nanostructures: a surface
science approach to electron beam lithography

ELAM Electron attachment of adsorbed molecules

Hubertus Marbach

Lehrstuhl fiir Physikalische Chemie Il Friedrich-Alexander Universitdt Erlangen-Niirnberg, Egerlandstr.3,
D-91058, Erlangen, Germany

With the availability of localized electron probes, e.g., in scanning electron microscopy (SEM), it became
possible to apply Focused Electron Beam Induced Processing (FEBIP) techniques for the lithographic
fabrication of nanostructures.”? In Electron Beam Induced Deposition (EBID) adsorbed precursor
molecules are locally dissociated by the impact of the electron beam leaving a deposit of the non-volatile
dissociation products on the surface." Even though EBID is applied for the repair of lithographic masks in
semiconductor industry it usually lacks in the purity of the fabricated structures, e.g., the metal content
from metalorganic compounds is usually rather poor. With our surface science approach to FEBIP, i.e., to
perform the electron irradiation in an ultra-high vacuum (UHV) environment, we were able to overcome
this hitherto existing limitation. ¢ With Fe(CO)5 as precursor clean iron deposits were fabricated and
characterized in terms of their electric4 and magnetic properties.® It turned out that catalytic processes,
like autocatalytic growth (AG) of the iron precursor can occur already at room temperature in UHV
and might be actively used for the deposition of clean metallic nanostructures. Recently, we were
able to expand the family of FEBIP techniques to Electron Beam Induced Surface Activation (EBISA).*?
Thereby, in a first step, the chemical properties of the surface itself are modified via the e-beam such
that it becomes active towards the decomposition of certain precursor molecules. In a second step,
the surface is exposed to the precursor which decomposes at the preirradiated areas and eventually
continues to grow autocatalytically. We demonstrated the feasibility of EBISA with Fe(CO)5 for different
oxide surfaces *¢,expand it to porphyrin layers on various substrates 7 and even to surface-anchored
metal-organic frameworks (SURMOFs). It will be discussed that organic layers as substrates are suitable to
reduce proximity effects and thus to increase the resolution of the written FEBIP structures. In this regard,
we were able to fabricate iron line deposits on a SURMOF with width clearly below 10 nm. Notably, the
EBISA process is not limited to Fe(CO), but also works for Co(CO),NO.*®

In a more vivid picture one might think of the electron beam as a pen and the precursor molecules as
ink in the FEBIP process. The underlying surface chemistry, the physical processes and in particular the
potential for applications of EBISA will be discussed.
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Tue-9:00-1-ENER ® HALL-A
Single-atom Pt-cerium oxide catalysts

ENER Surfaces for energy production and harvesting

Vladimir Matolin
Charles University, Faculty of Mathematics and Physics, V Holesovickach 2, Praha 8, 18000 Czech republic

Animportant part of fundamental research in catalysis is based on theoretical and modelling foundations
which are closely connected with studies of single-crystalline model catalyst surfaces. These so-called
model catalysts are often prepared in the form of epitaxial thin films, and characterized using advanced
material characterization techniques. This concept is providing the fundamental understanding and the
knowledge base needed to tailor the design of new heterogeneous catalysts with improved catalytic
properties. The present contribution is devoted to development of a model catalyst system of CeO, on a
Cu(111) substrate.

Single-atom catalysts maximize the utilization of supported precious metals by exposing every single metal
atom to reactants. To avoid sintering and deactivation at realistic reaction conditions, single metal atoms
are stabilized by specific adsorption sites on catalyst substrates. We show by combining photoelectron
spectroscopy, scanning tunneling microscopy and density functional theory calculations that Pt single
atoms on ceria are stabilized by the most ubiquitous defects on solid surfaces-monoatomic step edges.
Pt segregation at steps leads to stable dispersions of single Pt** ions in planar PtO, moieties incorporating
excess O atoms and contributing to oxygen storage capacity of ceria [1,2]. We experimentally control the
step density on our samples, to maximize the coverage of monodispersed Pt** and demonstrate that
step engineering and step decoration represent effective strategies for understanding and design of new
single-atom catalysts.

We have demonstrated the promising properties of the Pt-CeO, thin films as electrocatalysts in proton
exchange membrane fuel-cell technology, specifically their superior noble metal efficiency. The high
performance was shown for the anode catalyst with 2 micro g Pt/cm? which contained Pt** ions only. The
catalyst with so small Pt loading can be considered as “almost Pt free” [3].
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Thu-9:00-1-SEMI @ HALL-D
Electronic properties of ultra sharp dopant profiles in Silicon

SEMI Semiconductor surfaces and ultrathin layers

Jill A. Miwa
Department of Physics & Astronomy, Aarhus University, Aarhus, Denmark

Atomically precise lithography of phosphorus &-layers in silicon (Si:P &-layers) has led to the fabrication of
atomic-scale devices including, the world’s narrowest conducting wire [1] and the single-atom transistor
[2]. These Si:P &-layers are comprised of an ultra-sharp, ultra-dense P dopant layer buried beneath a
crystalline Si surface, and exhibit quantum properties. Motivated by the successful fabrication of atomic-
scale devices, the composition and structure of Si:P 6-layers have been studied down to the atomic limit by
both secondary ion mass spectrometry and scanning tunnelling microscopy [3], and their band structure
thoroughly investigated by different theoretical methods [4]. The calculations predict that confinement
of the P dopants to a single atomic plane beneath the Si surface leads to a lowering and discretization of
the conduction band (CB) resulting in two parabolic-like states dispersing across the Fermi level, referred
to as 1 and 2I. These states give the Si:P 6-layers metallic character, and are responsible for the transport
properties observed in atomic-scale devices. Angle-resolved photoemission spectroscopy (ARPES)
measurements can provide direct access to the electronic properties of the Si:P &-layers [5]. Our ARPES
measurements of the Si:P &-layers reveal a surprising result: a third parabolic-like state at the Fermi level.
The origin of this third state is related to an extreme underestimation of the theoretical strength of the
material dielectric constant. This result allows us to reconcile an apparently contradicting picture of the
physics of Si:P 6-layers. We are able to make a crucial revision of the electronic structure of these systems,
and provide a more accurate description of the states involved in the transport properties of atomic-scale
devices.
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Tue-15:00-1-BIMS ® HALL-A
Efficient computational engineering of bimetallic nanocrystals

BIMS Bimetallic surfaces and alloy nanocrystals

Konstantin M. Neyman

Departament de Ciencia dels Materials i Quimica Fisica and Institut de Quimica Tedrica i Computacional,
Universitat de Barcelona, Barcelona 08028, Spain ICREA (Catalan Institution for Research and Advanced
Studies), Barcelona 08010, Spain

Metal nanoparticles are key components of many functional materials, including catalysts. However,
applications of monometallic particles are limited by often insufficiently versatile properties of them.
Properties of mixed-metal nanoparticles (nanoalloys) can be tuned for a given application much easier. Yet,
it is very laborious to determine the atomically resolved composition (chemical ordering) in nanoalloys,
which is required for rationalizing their reactivity and other functionalities.

We developed a method to optimize chemical ordering in crystalline nanoalloys using density functional
calculations [1,2], which is applicable to various combinations of transition metals with each other and
with s,p-elements [1-6]. The method allows one to predict energetically stable atomically resolved
structures of bimetallic nanocrystals, which can be manufactured. | will outline the method and illustrate
its applications to technologically important archetypal nanoalloys of Pd [1,2], Pt [3-5] and Ni [6].

Our new method enables generating databases of structures and energies of bimetallic nanoalloys
spanning the Periodic Table. Its simplicity
and reliability allows to provide research-
ers with unique opportunity to efficiently
perform simulations of various nanoalloys
with thousands of atoms. Applications of
the method can not only radically acceler-
ate design of tailor-made nanoalloys but
also deepen the general understanding of
chemical bonding in nanoalloys.
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Tue-14:00-1-ELCH ® HALL-D
Electrochemical formation of nanostructures monitored by EC-STM and CV

ELCH Electrochemistry at surfaces

B. Madry ', M. Nowicki', K. Wandelt

"Institute of Experimental Physics, University of Wroclaw, Pl. M. Borna 9, 50-204 Wroclaw, Poland;
2 Institute of Physical and Theoretical Chemistry, University of Bonn, Wegelerstr. 12, 53115 Bonn, Germany

The selforganization of molecules at metal/electrolyte and, in particular, metal-on-metal/electrolyte
interfaces is a scientifically and technologically interesting approach to form ordered molecular
structures under controlled electrochemical parameters. We have used scanning tunneling microscopy
(STM) and cyclic voltammetry (CV) to investigate in-situ the self-assembly of sulfate and redox-active Tetra
(N-methyl-1-pyridyl) porphyrins (TMPyP) on Cu layers deposited on Au(111). The STM images enabled
the characterization of the molecular overlayer on under- and over-potential deposited Cu layers with
submolecular resolution. Cu/Au(111) with adsorbed sulfate anions exhibits different long range ordered
structures, which depend on the local coverage of Cu layer governed by the electrode potential [1-3]. The
first Cu layer grows stepwise, first up to 2/3ML [1] and then to a complete Cu monolayer (1ML) covered
by a (V3xv/3)R30°- and (v/3x/7)R19°%-sulfate structure [2,3], respectively (Fig.1 a,b). A sulfate induced Moiré
superstructure is visible on multilayer Cu deposits (Fig. 1c) similar but not identical to that observed on
bulk Cu(111) [2]. On the negatively polarized electrode the coadsorption of copper cations, sulfate anions,
water, and/or hydronium cations induces a “charge inversion” effect within the interface layers. This serves
as a substrate for adsorption of large solvated organic TMPyP cations. STM images recorded within the
submonolayer Cu coverage (2/3ML) indicate no porphyrin adsorption. Single TMPyP molecules (Fig. 2)
as well as an ordered molecular layer, exhibiting domain structure, were imaged after the formation of
the complete pseudomorphic Cu monolayer. At multilayer Cu coverages randomly distributed porphyrin
molecules were observed. This suggests a reduced mobility of TMIPyP associated with the formation of
cation-anion pairs. The change from “drastic” to “moderate” tunneling conditions leads to the removal of
porphyrin species from the sulfate/copper coadsorption layer and vice-versa. The charge transfer within
the interface is discussed. The results are compared to EC-STM and CV data obtained for porphyrins
deposited on Cu(111) [4].
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Thu-9:40-1-CATH @ HALL-B
Spectroscopy and microscopy of catalytic processes on well-defined surfaces:
from UHV to operando conditions

CATH Catalytic 2D-model studies under high pressures

Gunther Rupprechter, Christoph Rameshan, Karin Fottinger, Yuri Suchorski
Institute of Materials Chemistry, Technische Universitdt Wien, 1060 Vienna, Austria

Our group’s philosophy is to study catalytic surface reactions on heterogeneous catalysts via a two-fold
approach, employing both surface science based planar model catalysts as well as industrial-grade catalysts
[1]. For both, the focus is on examining active functioning catalysts under operando conditions, at (near)
atmospheric pressure and at elevated temperature.

In particular for ultrahigh vacuum (UHV) based model catalysts that has been a challenge, requiring
application of in situ surface spectroscopy, such as sum frequency generation (SFG) laser spectroscopy,
polarization-modulation infrared reflection absorption spectroscopy (PM-IRAS) and near atmospheric
pressure x-ray photoelectron spectroscopy (NAP-XPS). To image (“see”) ongoing surface reactions by in
situ surface microscopy, photoemission electron microscopy (PEEM) was applied to polycrystalline samples
[2]. For technological catalysts, analogous operando studies were performed by Fourier transform infrared
spectroscopy (FTIR), x-ray absorption spectroscopy (XAS), NAP-XPS, and X-ray diffraction (XRD) [3].

This two-fold approach may yield a glimpse on the catalytically relevant atomic and electronic surface
structure of catalysts, as well as of molecular details that steer reaction activity and, even more
important, reaction selectivity. Among the systems studied are

i) CO oxidation and H,/CO/Q, reaction (PROX) on Co,O, and CoO thin films, grown in UHV on
Ir(100), and on commercial cobalt oxides, and

ii) CO oxidation on (quasi) unsupported and oxide supported noble metals.

For the cobalt oxide catalysts the in situ (operando) studies revealed the reaction-induced formation of the
active phase and the presence of intermediates/spectators (adsorbed CO, carbon, carbonates, hydroxyls)
[4]. We have also directed substantial efforts towards surface microscopy, utilizing PEEM to obtain locally-
resolved kinetic information on CO oxidation on polycrystalline noble metal foil and on surfaces modified
by sputtering, oxidation or “powders” of a second noble metal [5]. Despite the micrometre resolution
limit, PEEM provided valuable information on the kinetics of specific surface terminations and on long-
ranging metal-support interactions.

sample;
polycrystalline foil

O, %

avs

Figure 1 Schematics of spectroscopic and microscopic studies of functioning catalysts [1-3].
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Thu-15:00-I-SEMI @ HALL-D
(Ga,Mn) As as a canonical dilute ferromagnetic semiconductor - electronic
structure, surface effects & magnetism in low dimensional structures

SEMI Semiconductor surfaces and ultrathin layers

Janusz Sadowski %3

" Institute of Physics, Polish Academy of Sciences, Warszawa, Poland;
2 Linnaeus University, Kalmar Sweden;
3 MAX IV laboratory, Lund University, Sweden

After over two decades of extensive research activity (Ga,Mn)As - a solid solution of GaAs — the common
semiconductor used in nowadays optoelectronic structure, and Mn - a magnetic transition metal has
established its position of a canonical dilute ferromagnetic semiconductor (DFS). In comparison to other
DFS materials such as (Pb,Sn,Mn)Te, (Ga,Mn)N, (Ge,Mn)Te; GaMnAs has a remarkably high ferromagnetic
phase transition temperature (Tc) — close to 200 K and exhibits a number of very interesting magnetic
properties, e.g. anomalous and planar Hall effect, voltage and pressure controlled ferromagnetism etc.,
which in many cases inspired a search of similar phenomena in conventional metallic ferromagnets.
However in spite of an extensive research activity, a fundamental issue related to the origin of
ferromagnetic phase in (Ga,Mn)As, namely the presence/absence of Mn-related impurity band (IB) in the
GaAs host electronic structure has remained controversial/unresolved until recently. There have been a lot
of contradicting literature reports supporting either the presence or the absence of IB in Mn-doped GaAs.
We believe that our recent angle resolved photoemission spectroscopy (ARPES) experiments performed
for clean samples (either with on-line MBE system vacuum connected to the ARPRES station, or with the
samples transferred to ARPES setup in a vacuum suitcase) have ultimately clarified this situation in favor
of the absence of IB in (Ga,Mn)As. In the second part of the talk the interesting magnetic and transport
properties of low dimensional (2D and 1D) structures based on (Ga,Mn)As will be reviewed, with special
focus on hexagonal wurtzite phase, in which this compound has not been investigated until very recently.
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Wed-9:00-1-OXID ® HALL-C
2D ternary oxide layers: new paradigmas of structure and stoichiometry

OXID Oxide surfaces and ultrathin oxide films

Svetlozar Surnev
Surface and Interface Physics, Institute of Physics, Karl-Franzens University Graz, A-8010 Graz, Austria

Two-dimensional (2D) oxide materials have tremendous potential in fundamental research and cutting
edge technologies owing to their outstanding physical and chemical properties, which makes them
excellent candidates for a wide range of applications including power harvesting, hydrogen storage, fuel
cells, gas sensors, advanced electronic and spintronic devices, and nanocatalysis. To gain a fundamental
understanding of the novel properties, afforded by the reduced dimension of oxide nanostructures,
structurally well-defined model systems have been utilized, typically in the form of ultrathin oxide films
epitaxially grown on single crystal metal surfaces. To date, most of the studies have been focussed
on binary 2D oxides, but the increased interest in more complex oxide materials, such as ternary or
multicomponent oxides with a broader range of functionalities, requires an adequate understanding of
their properties at the nanoscale, which is still scarce. One reason for this is that the preparation of ternary
oxide nanolayers with well-defined structure and stoichiometry is more challenging than for binary
oxides, which requires the development of new fabrication strategies, where suitable thermodynamic
and kinetic parameters have to be optimized in a narrow multi-parameter space to obtain structures
with desired stoichiometry and 2D morphology. Moreover, the elucidation of their structural properties
at the atomic level is experimentally and theoretically more demanding than for the binary oxides.

Here, | review the advance of fabrication of 2D ternary oxide layers supported on single crystal metal
surfaces and the atomic level understanding of their atomic structure and stoichiometry with the help
of state-of-art surface science techniques in combination with density functional theory calculations.
Specifically, new oxide preparation approaches for metal tungstates (MWOX), utilizing the on-surface solid-
state chemical reaction between well-defined 2D binary metal oxide and tungsten oxide phases, are
presented. The successful implementation of these fabrication methods is demonstrated for prototypical
2D ternary oxide layers, with different W-O coordination spheres. Depending on the oxygen chemical
potential three different types of MWOXx nanolayers form, where the W atoms exhibit low (3-fold) [1,2],
intermediate (4-fold) [3] and high (up to 6-fold) [2,4] oxygen coordination. Structure models of 2D MWOx
phases are discussed in the light of new building architecture concepts with no analogues in the bulk.
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Mon-14:00-I-NAEX ® HALL-D
Investigation of ionic liquid interfaces using time- and position-resolved XPS

NAEX Novel advancement of experimental methods

Sefik Suzer
Bilkent University, Chemistry Department, 06800 Ankara, Turkey

X-ray photoelectron spectroscopy (XPS), a chemical analysis tool, is utilized for investigation of charge
screening at the interfaces of devices containing ionic liquids in between metal electrodes configured
in different geometries. The first device is fabricated on a porous polymer surface which is infused with
an ionic liquid (IL). The IL provides a sheet of conducting layer to the otherwise insulating polymer film,
and enables monitoring charging and screening dynamics at the polymer + IL / air interface in a laterally
resolved fashion across the electrodes. Time-resolved measurements are also implemented by recording
several peaks of the IL, while imposing 10-3 to 10+3 Hz square-wave-pulses (SQW) across the electrodes
in a source-drain geometry. Variations in the binding energy of the measured peaks (Au4f, C1s, N1s and
F1s) reflects directly the local electrical potential, and allow us visualize screening of the otherwise built-in
local voltage drop on and across the electrodes. In the second geometry the IL in the form of liquid drop
is the conducting medium between the electrodes, where both electrochemical reaction products are
monitored with XPS, in addition to tapping into the charging behavior of the interfaces. Impact of our
findings with the presented structures and variants of XPS measurements on understanding of various
electrochemical concepts will be discussed.

*This work is partially supported by TUBITAK through Grant No. 2152534
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Thu-15:00-1-CATH @ HALL-A
The mechanism of CO, reduction over Pd/Al,O.: a combined SSITKA and operando
FTIR investigation

CATH Catalytic 2D-model studies under high pressures

Janos Szanyi, Xiang Wang, Hui Shi
Institute for Integrated Catalysis, Pacific Northwest National Laboratory, RICHLAND, WA 99352, USA

Understanding the critical steps involved in the heterogeneous catalytic CO, reduction has attracted a
lot of attention recently. In order to fully understand the mechanism of this reaction the determination
of both the rate-determining steps and reaction intermediates are vital. Steady-State Isotopic Transient
Kinetic Analysis (SSITKA) is one of the most powerful techniques used to investigate the elementary
steps under steady-state reaction conditions. This technique provides valuable information on mean
resident lifetime of surface intermediates, surface concentrations of adsorbed reactant species and an
upper bound of the turnover frequency. Coupling SSITKA with operando-FTIR spectroscopy allows us to
discriminate between active and spectator species present on the catalytic surface under steady state
reaction conditions. In the present work operando SSITKA experiments coupled with transmission FTIR,
mass spectrometry (MS) and gas chromatography (GC) were performed to probe both the chemical nature
and kinetics of reactive intermediates over a Pd-Al O, catalysts and provide a clear mechanistic picture
of the CO, hydrogenation reaction by revealing the rate-determining steps for CH, and CO production.

Figure 1 shows normalized real-time signals for the decay and increase of methane (a) and carbon-
monoxide (b) in the effluent at 533 Kreaction temperature after the feed gas was switched at 0 s from CO,/
H_/Ar mixture to *CO,/H, mixture. With increasing temperature, the decay of CH, and CO get faster. By
integration under the decay curves , the mean surface-residence times _,, and ), the abundance of
adsorbed surface intermediates leading to CH, and CO products _,,and ) at 533-573 K were calculated.
At low temperature, CO, methanation is slower than the reverse water-gas shift reaction, but became
faster as the temperature was increased over 563 K. The similar apparent activation energies obtained
for the hydrogenation of adsorbed CO and for the formation of CH, indicates that the hydrogenation of
CO is the rate-determining step during the CO, methanation reaction. Moreover, the similar apparent
activation energies estimated for the consumption of adsorbed formates (FTIR) and for the formation
of CO (MS), indicates that the H-assisted decomposition of formates is the rate determining step in the
reverse water gas shift reaction. The rate-determining step for CO formation is the conversion of adsorbed
formate, while that for CH, formation is the hydrogenation of adsorbed carbonyl. The balance of the
hydrogenation kinetics between adsorbed formates and carbonyls governs the selectivities to CH, and
CO. We applied this knowledge to design catalysts and achieved high selectivities to desired products.
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Mon-15:00-1-BAND « HALL-E
Electronic structure of quantum materials and perspectives with ultra-high
brilliant sources

BAND Band structure of solid surfaces

Amina Taleb-lbrahimi
UR1-CNRS/ Synchrotron SOLEIL, L'Orme des Merisiers, Saint-Aubin, 91192 Gif sur Yvette, France

For tomorrow’s electronics new materials are attracting the scientific community. The new materials
of the moment are quantum materials which exhibit rather unusual states: Dirac materials, topological
states, Weyl semimetals...

The applications of these unusual states are yet to come but it is predicted that they will be as revolutionary
as lasers or computer chips a hundred years ago. They could might be the basis for a form of information
processing and possibly the future quantum computer.

The relevance of the properties of these sates in these systems is intimately linked to the quality of the
materials. So this has pushed the community to investigate new methods of fabrication of these materials
and correlate the structure quality and the physical properties as electronic, magnetic, transport and
others.

In this presentation, | would like to give an overview of my research work performed the last 3-4 years.
This work concerns mainly the investigation of 2D materials as graphene and semiconductor thin films
with topological order. Together with other surface science techniques, angular resolved photoemission
using synchrotron radiation has given a boost to the field. | will try to give a vision of the future capabilities
of ultrabright photon sources to the technique and to the science in this domain.
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Mon-14:00-1-CATL @ HALL-A
Spectroscopic characterization of reaction pathways over a Pd-Cu(111)
single-atom alloy

CATL Catalytic 2D-model studies at low pressures

Michael Trenary, Christopher M. Kruppe, Joel D. Krooswyk
Department of Chemistry, University of lllinois at Chicago

Low coverages of catalytically active metals deposited onto less active metal surfaces can form single atom
alloys (SAAs), which often display unique catalytic properties. Such alloys are particularly attractive for
selective hydrogenation reactions. It is therefore of interest to probe the surface structure and chemistry
of such alloys in the presence of gas phase reactants. We have used polarization dependent reflection
absorptioninfrared spectroscopy (PD-RAIRS) to monitor the in-situ hydrogenation of acetylene to ethylene
over a Pd/Cu(111) SAA surface. The coverage and morphology of the deposited Pd is characterized with
Auger spectroscopy (AES), temperature programmed desorption (TPD) of H2 and CO, and PD-RAIRS of
CO. After exposing clean Cu(111) and Cu(111) with various Pd coverages to 10 L of CO at 100 K, the RAIR
spectra show that the surface is largely unchanged by the presence of less than 0.5 ML of Pd. In the
presence of 1x102Torr of CO at 300 K, significant CO coverages are only achieved when Pd is present on
the surface. The Pd coverage determined from CO peak areas obtained with RAIRS yields a value lower by
about a factor of two than the Pd coverage obtained with AES. This is attributed to the presence of both
surface and subsurface Pd, with only the former detectable by RAIRS of CO, but both detectable with AES.
Surface species and gas phase products of C H, hydrogenation are monitored between 180 and 500 K on
clean Cu(111) and Pd/Cu(111). With a total pressure of 1 Torr and a C,H_:H, ratio of 1:100, annealing a SAA-
Pd/Cu(111) surface to 360 K results in complete conversion of all gas phase C H, to gas phase ethylene
(C,H,), without producing any gas phase ethane (C,H,). The hydrogenation reaction is accompanied by
acetylene coupling reactions that occur both on clean Cu(111) and on Pd-Cu(111).
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Thu-14:00-1-ENER @ HALL-B
Information and energy storage in magnetic skyrmions and helices:
role of oscillating Dzyaloshinskii-Moriya interactions

ENER Surfaces for energy production and harvesting

Elena Y. Vedmedenko
University of Hamburg, Jungiusstr. 11, 20355 Hamburg, Germany

One of the most exciting recent developments in nanomagnetism concerns topologically non-trivial
magnetic configurations acting as quasiparticles. Among these quasiparticle excitations are three-
or two-dimensional magnetic skyrmions [1], one-dimensional topological solitons [2-4] and zero-
dimensional monopoles, which can also be bound by one-dimensional Dirac strings [5]. Once created,
magnetic quasiparticles can only be erased with effort from a surface [1-5]. This makes them valuable for
the application in future data storage devices but also poses fundamental questions on the microscopic
reasons for the topological stability. Here, analytical and numerical analyses are used to study the
dynamics and life-times of skyrmions [1], topological solitons [2-4] and bound monopoles [5] in continuous
and structured magnetic thin films. Additional attention is paid to the interaction between magnetic
quasiparticles [5]. It is shown that the main reason for the enhanced stability is a dynamical behavior of
an energy barrier rather than its height [1,2,5]. Interactions between quasiparticles, e.g. in spin-ices, are
defined by the characteristic tension-to-mass ratio proportional to the fine structure constant and lattice
parameters [5]. On the basis of this analysis, a theoretical concept of the energy storage at the nanoscale
is proposed [2,5] and compared with recent experiments. A mesoscopic experimental illustration of the
principle of the energy storage will be shown.
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Mon-14:00-I-SAMA @ HALL-C
Manipulation of individual atoms/molecules on surfaces of 2D atomic crystals:
from Kondo effect to reversible single spin control

SAMA Structural analysis and manipulation on atomic scale

Hong-Jun Gao, Yeliang Wang
Institute of Physics & University of Chinese Academy of Sciences, China

Control over charge and spin states at the single molecule level is crucial not only for a fundamental
understanding of charge and spin interactions but also represents a prerequisite for development of
molecular electronics and spintronics. While charge manipulation has been demonstrated by gas
adsorption and atomic manipulation, the reversible control of a single spin of an atom or a molecule
has been challenging. In this lecture, | will present a demonstration about a robust and reversible
spin control of a single magnetic metal-phthalocyanine molecule via attachment and detachment of
a hydrogen atom, with manifestation of switching of Kondo resonance. Low-temperature atomically
resolved scanning tunneling microscopy was employed. Using density functional theory calculations,
the spin control mechanism was revealed, by which the reduction of spin density is driven by charge
redistribution within magnetic 3d orbitals rather than a change of the total number of electrons. This
process allows spin manipulation at the single molecule level, even within a close-packed molecular
array, without concern of molecular spin exchange interaction. Moreover, | will talk about 2D templates
of PtSe, and CuSe recently developed for selective self-assembly of molecules nanoclusters, as well as
for the functionalization of the same substrate with two different species. This work opens up a new
opportunity for quantum information recording and storage at the ultimate molecular limit.

In collaboration with S.X. Du,Y.L. Wang, LW. Liu, K. Yang, L.L. Jiang, Y. Shao, J.C. Lu, J.B. Pan et al. from
Institute of Physics, CAS; X. Lin, YY. Zhang from University of Chinese Academy of Sciences, CAS; S.
Pantelides from Vanderbilt University, US; A. Castro Neto from University of Sigapore; M. Ouyang from
Maryland University, US; and Sokrates Pantelides from Vanderbilt University.
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Thu-9:00-I-LASE @ HALL-E
Ultrafast magnetization dynamics and its signature in the transient electronic
structure

LASE Laser pulses for surface electron dynamics

Martin Weinelt
Fachbereich Physik, Freie Universitdit Berlin, Arnimallee 14, 14195 Berlin, Germany

The past years have witnessed strongly increasing efforts to push solid-state spin dynamics and magnetism
into the ultrafast realm, that is, to time scales below 10 ps. This goal is all but straightforward. First, the
ultrafast regime coincides with the time scales set by the strengths of two fundamental spin interactions,
exchange and spin-orbit coupling. Second, many relaxation phenomena of electrons and phonons occur
on same, ultrafast time scales, e.g., electron-electron thermalization and electron-phonon equilibration.
Still, fundamental questions need to be addressed: On which timescale do the band structure and
spin polarization of a ferromagnet change after femtosecond laser excitation and how do they affect
the magnetization dynamics? To answer these questions we perform time-, spin-, and angle-resolved
photoemission experiments with optical laser pulses and higher-order harmonic radiation.

We have studied ultrafast demagnetization in thin films of the local-moment ferromagnets Gadolinium
and Terbium, prepared as epitaxial films on a W(110) substrate. In the lanthanides equilibration of the
laser excited state involves more than one timescale, because optical transitions occur in the valence
band but the magnetic moment is dominated by the localized 4f electrons. Following excitation by fs
near-infrared pulses, we directly map the transient exchange splitting of the Gd and Tb valence bands
near the center of the bulk Brillouin zone. Simultaneously we record the magnetic linear dichroism of the
4f photoemission line. This allows us to compare the magnetization dynamics of 4f core and 5d6s valence
electrons in one measurement [1]. Varying starting temperature (40, 100, 200 K) and photon energy of
the pump pulse (0.95 vs. 1.55 eV) we observe distinct changes in magnetization dynamics on the ultrafast
timescale. demagnetization [3]. To probe the spin polarization, we utilized the unique magnetic proper-
ties of the 5d , surface states on Gd(0001) and Tb(0001), which mirror the magnetism of the bulk. In spin-
and time-resolved photoemission we confirm that the exchange splitting of the Gd and Tb surface state
follows that of the 5d6s valence bands (black open circles). In contrast, the spin polarization of the surface
state appears to reflect the magnetization of the 4f core levels [2]. Interestingly, the spin polarization
decays with T ~ 15 ps in Gd, while it exhibits sub-picosecond dynamics in Tb (t ~ 0.4 ps). These results
question the interpretation of XMCD data, which show comparable ultrafast decay constants of T ~ 0.8
ps in both Gd and Th.
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Wed-11:00-O-BAND
Scanning tunnelling spectroscopy of BiTeCl

BAND Band structure of solid surfaces

P. Casado Aguilar %, Andrew Norris ', C.G.Ayani', EV. Chulkov', R. Miranda’,
A.L.Vazquez de Parga'?

1 Universidad Autonoma de Madrid (Spain);
2 IMDEA nanociencia Madrid (Spain)

Owing to it's inversion asymmetry, strong polarization and spin-orbit coupling (SOC), BiTeCl is a
candidate spintronic compound [1-3] and a reported inversion asymmetric topological insulator (IATI)
[4]. Furthermore, the accidental presence of a Bi,TeCl crystal structure, a predicted weak topological
insulator (WTI) [5], and exposed quasi 2D Bi bi-layers [6], provide for a rich environment for studying
exotic topological phenomena.

We investigate the topological and electronic properties of BiTeCl, a tri-layered, non-centro symmetric,
polar semi-conductor, who's large band-gap renders it immune from RT thermal excitations using
spectroscopic imaging scanning tunneling microscopy (SI-STM). We confirm and contest several key
reported points including; termination dependent electronic structures, band gap inconsistencies,
and the highly contested issue of the presence or lack of a non-trivial topological state. Preliminary
evidence suggests signatures of at least one topologically non-trivial state. We therefore discuss these
aforementioned inconsistencies, alongside presenting entirely new structures, defects and evidence of
sub-band structure.

BiTeCl Topography
15V SBpA
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Tue-11:40-0-OXID
Self-cleaning oxide surfaces as optical windows used in environmental
surveillance

OXID Oxide surfaces and ultrathin oxide films

Naureen Akhtar, Bodil Holst
Department of Physics and Technology, University of Bergen, Norway

Owing to its excellent mechanical and thermal properties as well as optical performance, sapphire
(crystalline ALO,, alpha alumina) is extensively used as window in optical sensors for harsh conditions,
for example underwater surveillance in the oil industry. However, under these conditions the sapphire
surfaces are continuously exposed to oil and other fouling mixtures, which can lead to contamination of
the window surface. Hence, making the surface underwater oleophobic would be highly desirable.

We found out that a sapphire surface can change from oleophilic to superoleophobic depending on the
crystal miscut, polishing method and initial cleanliness state when submerged in water[1]. Moreover,
giving the surface the hydrophilic character improves the underwater oleophobic character. This could
be understood in the context of underwater superoleophobic surfaces found in nature that exhibit higher
propensity for trapping water. Inspired by the underwater superoleophobic self-cleaning surfaces found
in nature such as fish scales, sapphire surfaces are further developed for maintenance free solutions for
permanent underwater installation of optical instrumentation.
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Enhanced gas sensing properties of Cu-doped ZnO nanorods

OXID Oxide surfaces and ultrathin oxide films

Onur Alev, Imren Torun, Zafer Ziya Oztiirk
Gebze Technical University

Recently, gas sensors have attracted increasing interest due to their extensive applications in air quality
control, environmental monitoring, disease diagnoses and quality control of foods [1]. Metal-oxide
(MOXs) based amperometric gas sensors are the most promising devices among different types of gas
sensors due to their high sensitivity, easy fabrication and low cost capability [2]. Sensing mechanism of
the MOXs is based on reactivity of the surface materials to incoming analyte gases where electron transfer
between gas molecules and the chemisorbed oxygen species plays a key role leading to a change of the
conductivity on the surface [3]. Therefore, sensing properties are related to the morphology and sensing
material itself. In order to achieve high performance gas sensors, various approaches have been made
including fabrication of nanostructures, loading of noble metal as catalyst, formation of heterostructures
and doping [4]. Among them, doping into MOXs nanocrystals is one of the most promising method to
alter the structure, grains size, carrier concentration, distribution of oxygen component, which lead an
enhanced gas sensing performance [5].

In this study, Zn ,Cu O (x= 0 - 5% ) nanorods (NRs) were synthesized on glass substrate coated with
ZnO seed layer via hydrothermal route. Scanning electron microscopy (SEM), energy-dispersive electron
spectroscopy (EDS) elemental mapping and X-ray diffraction (XRD) techniques were used to investigate
the crystal structure and morphology of nanorods. Presence of Cu was observed on EDS mapping
results proportionally to doping concentration. Moreover, no other peaks corresponding to Cu related
compounds were observed in the XRD patterns. However, a low angle shift was detected. The gas
sensing performance of the devices were investigated against hydrogen, volatile organic compounds
(VOCs) and nitrogen dioxide (NO,) at different operation temperatures. Sensor responses showed that
Cu doping positively effects the sensing properties of ZnO NRs, such as sensor response, selectivity and
operation temperature. Enhanced sensing properties can be attributed to the incorporation of Cu*? with
ZnO which induces a change in carrier concentration and distribution of oxygen component. It can also
be concluded that doping concentration directly effects the sensing properties, especially selectivity.
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Structure of the Ag(111)-p(4x4)-O phase: Ag, model or multilayer oxide?

OXID Oxide surfaces and ultrathin oxide films

B.V. Andryushechkin, V.M. Shevlyuga, TV. Pavlova, G.M. Zhidomirov, K.N. Eltsov
A.M. Prokhorov General Physics Institute of Russian Academy of Sciences, Russia

Oxygen adsorption on the Ag(111) has been a subject of many papers since the 1970s. A significant
progress in the understanding of the system has been achieved in the 2000s after the application of
scanning tunneling microscopy in a combination with DFT calculations [1-4]. As a result, the Ag, ,,O
oxide-like model appeared for the p(4x4) phase [1]. The authors in Ref.[2] also reported the observation of
the disordered phase at low oxygen coverage and describe it as an array of chemisorbed oxygen atoms
with saturation coverage of 0.06 ML. Lately a new structural model for the p(4x4) phase containing two
triangles of six silver atoms within the unit cell has been suggested [3,4]. According to the model, the
oxygen coverage in the p(4x4) phase is equal to 0.375 ML.

Recently, we reexamined the disordered phase with LT-STM and obtained the high-quality atomic
resolution images showing trefoil-like structures instead of the simple dark spots [5]. A thorough DFT
analysis of the structures showed that each object is an oxide-like ring of six oxygen atoms surrounding
the vacancy in the upper Ag(111) layer. Therefore, the coverage of the disordered phase in the new model
appears to be 6 times larger than in the previous models.

In this work, we have found out that the density of dark objects in STM images just before the p(4x4)
phase formation is equal to 0.10-0.11 ML. Therefore, the total oxygen coverage in the p(4x4) phase should
be at least larger than 0.60-0.66 ML. For further coverage calibration, we measured integrals under TDS
curves for the Ag(111) surface totally covered either with the disordered phase or the p(4x4) phase and
found that total oxygen coverage for the p(4x4) should be at least 3 ML. All these data are not in line with
a simple Ag, model considering the reconstruction of the upper silver layer. We believe that the p(4x4)
phase is a multilayer oxide film. On the base of the DFT-simulation, we proposed a new sandwich-like
model in which lower and upper oxide layer are reconstructed, with the arrangement of silver atoms like
in the Ag, -model. The internal oxide layers preserve the structure of the (111) plane of bulk Ag,0.

This work was supported by Grant No. 16-12-10546 of the Russian Science Foundation.
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Spectroscopic investigation of surface opto-spin-current on Ir(111) covered by
graphene

BAND Band structure of solid surfaces
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"International Center for Materials Nanoarchitectonics, National Institute for Materials Science, Japan;
2Department of Advanced Materials Science, The university of Tokyo, Japan;

3Institute for Molecular Science

Spincurrent plays one of the most substantial roles in spintronics. Both two classes of spincurrent, pure-
spin-current and spin-polarized current, are important. The former is a non-equilibrium distribution
where electrons with spin "up” propagate in one direction whereas those with spin “down” propagate
in the opposite direction and not accompanied by a net charge transfer. The latter is the charge transfer
with the co-oriented spins. By using angle resolved one- and two- photon photoemission spectroscopy,
we have investigated the opto-spin-current generated at surfaces via spin orbit interaction. In this
talk, we have demonstrated that changing light polarization enable us to switch the opto-spin-current
characteristics; opto-pure-spin-current and spin-polarized photocurrent. The sample is Ir(111) covered
by graphene. The Rashba-type band splitting has been found in the image potential states as well
as the spin-split surface resonances in the occupied region. The optical direct transition between the
spin-polarized states excited by the linear polarized light results in the opto-pure-spin-current, and the
circularly polarized light excitation causes the spin-polarized photocurrent.
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Conductance of aromatic and antiaromatic molecules

ORGS Organic molecules on solid surfaces

N. P. Arasu, H. Vazquez
Institute of Physics, Academy of Sciences of the Czech Republic — Prague, Czech Republic

Aromatic and antiaromatic molecules are cyclic, planar and have i conjugated systems. They are governed
by Huckel’s rule, which states that a system is aromatic if it has 4n+2 electrons and antiaromatic if it has 4n
electrons contributing to the molecular m system.

Antiaromatic systems were predicted to be more conducting [1]. Indeed, a decrease in the single
molecule conductance was correlated with increased aromaticity [2]. However, due to the challenging
synthesis of stable antiaromatic compounds, this relationship was only established for aromatic and
non-aromatic molecules. Recently, a stable antiaromatic compound was synthesized and its conducting
properties studied [3]. Its single molecule conductance was found to be 20 times higher than the aromatic
counterpart. In this talk, | will describe our study on the electronic structure and conductance of aromatic
and antiaromatic molecular junctions. We use DFT and NEGF methods to calculate the transmission
spectra of a pair of structurally similar aromatic and antiaromatic molecules. Corrections to the DFT
molecular levels bring the calculated conductance values in good agreement with experiment. We find
that the higher conductance of the antiaromatic molecule is due to the LUMO-derived resonance closer
to the Fermi level.
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Nuclear bound states of H, on a stepped metal surface

COMP Computational surface chemistry and physics
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We investigate the dynamics of the nuclear spin states of H, under the influence of a highly anisotropic
potential induced by the stepped Pd(210) by first principles calculations based on the density functional
theory (DFT) . Previous temperature programmed desorption (TPD) study has shown that molecular
adsorption of H2 is only possible after the accumulation of atomic hydrogen on Pd(210) [1]. Further, H, has
been shown to be at a chemisorption state on top of the step-edge Pd atom, contrary to flat transition
metal surfaces where the adsorption is governed by weak van der Waals interaction. Our calculated
orientation-dependent potential energy surface (PES) shows that H, adsorption is highly anisotropic and
molecular orientation parallel to the surface plane is energetically favored. From this PES, we calculate
the bound nuclear spin states of H, on Pd(210) and show that the desorption is significantly favored for
para-H, isomers [2].
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Symmetry reduction on metal supported graphene by intercalation of Pb

EG2D Epitaxial growth and modification of 2D materials
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"IMDEA Nanociencia, Cantoblanco 28049, Madrid, Spain;
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Monolayer graphene supported on metallic substrates is a wonderful test bench to alter graphene’s
electronic properties, exploiting the potential landscape created by the moiré patterns derived from the
lattice mismatch between graphene and the metal. However, interaction with the metal often leads to
the suppression of many interesting effects, like the inter- or intra-valley scattering processes present in
the case of non-metallic substrates [1]. A possible way to decouple graphene from the substrate is the
intercalation of an atomic layer of a different element between them [2-6].

Here we study the graphene/Pb/Ir(111) system and show that, under certain growth conditions, lead
enters through graphene-free patches and intercalates between graphene and iridium preserving the
original 9.3 x 9.3 incommensurated moiré structure [7]. Our STM and LEED measurements allow us to
determine the atomic structure of the interlayer, that turns out to be a c(2x4)-2Pb commensurated with
iridium. In addition we observe inter-valley scattering processes, which indicate that lead decouples
graphene from the metallic substrate preserving its sub-lattice symmetry [8].

Figure: Pb intercalated graphene showing V/3xv/3 pattern: STM atomically resolved image of
graphene/Pb/Ir(111) at 1.2K. The whole image corresponds to a lead intercalated region of the sample.
For a certain set of parameters (7 mV, 1 nA)
\/3x1/3 patterns are revealed, confirming elas-
tic electron scattering processes.
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TiO, rutile (011) exposed to liquid water

OXID Oxide surfaces and ultrathin oxide films
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The interaction of water with titanium dioxide (TiO,) is of significant interest as the TiO,-water interface
occurs in many practical applications such as photocatalytic water splitting. At present, most surface-
science studies involve the interaction of gas-phase H,O with TiO,. Here we interface the TiO, surface with
liquid water in order to approach application-relevant conditions.

The(011) surfaceisthe second-lowest energy termination of TiO, rutile and frequently found on equilibrium-
shape nanoparticles. When prepared by conventional techniques in UHV the (011) surface exhibits a (2x1)
reconstruction. Based on DFT predictions [1], the (2x1) reconstruction is no longer favorable in liquid
water environment and undergoes restructuring into a bulk-terminated (1x1) structure.

In the experiment, a TiO, rutile (011) crystal was prepared and characterized with STM, XPS, LEIS, and LEED
in a dedicated UHV chamber, equipped for controlled and clean transfer of samples to and from a liquid
environment. After the sample was first immersed and then removed from water, it was analyzed with
the same UHV techniques.

The results indicate surface restructuring upon contact with liquid water. An overlayer with a “c(2x1)”
symmetry is observed, which on the basis of STM analysis and DFT calculations can only be attributed
to dissociated water on top of the (1x1) surface. Unlike the (2x1) reconstruction, the (1x1) surface has
equivalent adsorptions sites with correct density and symmetry. Domains of similar width are formed
within the OH overlayer, which results in a splitting of LEED spots. The possibility of contaminant induced-
restructuring was excluded based on XPS and LEIS measurements.
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Switching the reactivity of graphene on Ir(111) by hydrogen intercalation

GRAP Graphene and carbon-based 2D films
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The functionalization of graphene with hydrogen enables a variety of new phenomena to appear
such as e.g. band-gap opening, enhanced spin-orbit coupling and ferromagnetic order in single sided
hydrogenated graphene. The appearance of these phenomena, however, strongly depends on the type
of hydrogen structures, formation of which is often driven by the graphene-substrate interactions. [1,2]
Moreover, the possibility for graphene to act as a hydrogen storage medium has led to several studies[3,4].
The reaction between gas pahse atomic hydrogen and graphene on Ir(111) can at certain conditions allow
formation of a highly periodic hydrogen structures, that are fully determined by the graphene-irridum
interfacial properties. However, a quasi free-standing graphene can be prepared on Ir(111) upon hydrogen
intercalation. The presence of hydrogen at the interface in turn dictates how graphene reacts towards
atomic hydrogen bombardment from above - leading to the formation of different type of hydrogen
structures when compared to the non-intercalated case. In addition, the modified interfacial properties
also show a distinct reactivity towards vibrationally excited H,, [5] Understanding the reactivity of
graphene towards hydrogen and the role of underlying substrates in these reactions is important for the
realization of e.g. carbon-based hydrogen storage materials.
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Transition from Sulfided Molybdenum clusters to monolayer MoS, on Au(111)

EG2D Epitaxial growth and modification of 2D materials
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Nowadays, the growth of 2D materials via different synthetic approaches and the achievement of
structure-property correlations of monolayer, bilayer, and multilayer sheets [1] are important challenges
in materials science. Transition metal dichalcogenides (TMDCs) are one of the most promising 2D materials
that could find application in new-generation electronic and optoelectronic devices [2]. Molybdenum
disulfide (MoS,) is one of the most representative members of TMDCs, due to its uncommon size
dependent properties: in fact, it displays a change from indirect to direct band gap when going from its
bulk to the monolayer form [3]. Among the various approaches attempted to grow MoS, monolayers, the
one consisting in the deposition of Mo atoms on Au(111) at room temperature, followed by annealing,
both performed in H,S atmosphere, showed promising results [4].

Here we present a high energy resolution X-ray photoelectron spectroscopy study (HR-XPS), carried out
at the SuperESCA beamline of Elettra, the Italian synchrotron radiation facility, on the growth of MoS,
on Au(111) performed with the aforementioned growth method. The XPS technique, used also in its fast
modality to follow transient processes (Fast-XPS), allowed us to detect the different species present on
the surface and to follow their evolution during annealing. The HR-XPS spectra of the Au 4f core level
besides decreasing in intensity, showed the appearance of a new component upon MoS, growth, caused
by the MoS,-substrate interaction. This interaction is detected also in the S 2p core level region, where the
component related to the bottom sulfur layer, which is in contact with gold, is shifted with respect to the
top sulfur layer of the ‘S-Mo-S’ sandwich structure.
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Real-time observation of diffusive processes by field emission microscopy

CATL Catalytic 2D-model studies at low pressures
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Probing the reactions and their dynamics at the scale of a single nanoparticle remains challenging, due
to the scarcity of high-resolution techniques. Field emission microscopy (FEM) is a powerful technique for
studying the dynamics of catalytic reaction taking place at the surface of a nanosized metal tip which acts
as a catalyst. The dynamics is probed in real-time and during ongoing reactive processes. In this context,
we used FEM to study the hydrogenation of NO, on Pt model catalysts. By exploiting the nanoscale
resolution capabilities of the FEM, the reaction can be probed down to 10 nm?.

The reaction was followed by recording the FEM patterns appearing dynamically on the screen of the
microscope. Time series were extracted from videos (at 50 fps) and established by probing the mean
brightness over regions of interest. The dynamic of the process was analyzed by measuring the variations
of grey levels with time, image by image. The catalytic hydrogenation of NO, was monitored in real time.
On Pt at 390 K, amongst several non-linear behaviors, self-sustained periodic oscillations were observed.
Transient phenomena were also monitored with an acquisition rate up to 10,000 fps. These experiments
at high temporal resolutions show the presence of propagating processes at the surface of the catalyst.
This observation proves that the consecutive catalytic ignition of the active facets is due to a coupling via
surface diffusion. The propagation of chemical waves on a single facet of the nanocrystal is also observed.
These waves take the form of target patterns, which are observed for the first time at the nanoscale, on
areas as small as some 100 surface atoms. The velocity of the observed waves is of the order of a few um/s,
which is in good agreement with previous studies of catalytic reactions at the mesoscale. A discussion of
the emergence of oscillations is proposed.

Field emission techniques are powerful techniques in the field of catalysis, and by exploiting the nanoscale
resolution of the FEM, it is possible to obtain a better understanding of catalytic systems down to the
molecular level.
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Suppressed rotational oscillation by protonation of single triazatruxene molecules
on Ag(111)

ORGS Organic molecules on solid surfaces
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The opportunity of tuning the electricand magnetic properties [1] as well as the control of the translational
[2] and rotational motion of molecules on surfaces [3], [4] is of great interest since it lays a foundation
for the fabrication of molecule-based functional devices. Here, we investigated triazatruxene (TAT)
molecules on Ag(111) by low temperature scanning tunneling microscopy (STM) and spectroscopy (STS).
After the deposition of TAT molecules by means of electrospray ionization (ESI) on Ag(111), STM
measurements show an assembly of individual molecules with roughly equidistant spacings, emerging
upon the interaction of molecules with the two-dimensional electron gas of the Ag(111) surface. Further
measurements reveal three different types of molecular appearance which we assign to the non-, single-
and double-protonated TAT. STS and time resolved current measurements at individual non-protonated
molecules reveal characteristic excitations above a certain threshold energy showing a telegraph noise
behaviour with the period depending both on voltage and current. We attribute these findings to the tip-
induced rotational oscillation of the molecules between two distinct states which can be as well resolved
in topography measurements at tunneling voltages below threshold. Protonation, however, leads to an
efficient suppression of the rotational oscillation and the overall mobility of the molecules. By applying
voltage pulses directly on the TAT molecules, we are able to switch on and off the rotational oscillation
in a controlled manner. This process seems to be reversible with a greatly suppressed probability for tip-
induced protonation.
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X-ray absorption study of a barium titanate derived quasicrystal on Pt(111)

SAMA Structural analysis and manipulation on atomic scale
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Thediscovery of an aperiodic barium titanate derived quasicrystalline film on a periodic platinum substrate
opened a new field in science and technology [1]. The key point of understanding physical and chemical
properties as well as potential future applications of such systems is to determine its geometric structure.
The equivalent of a monolayer of barium titanate was deposited on a clean Pt(111) substrate using MBE in
an O, atmosphere. The quasicrystalline layer was then obtained through a two-step dewetting-rewetting
process, annealing in O, at 1020 K and subsequent annealing in vacuum at 1120 K [2]. From this sample
X-ray absorption spectra at the Ti K-edge (4990 eV - 5250 eV) were recorded at the KMC-1 beamline, BESSY,
Berlin (Fig. 1). Missing pre-edge features of the XANES spectrum at around 4965 eV favor the exclusion of
4- and 5-fold O coordination of Ti [3]. EXAFS modulations have been analyzed using FEFF calculations. The
analysis reveals that the Ti-Pt nearest neighbor distances are in the range of 2.65 - 2.75 A. Furthermore,
three different O atoms have been found in the first coordination shell. The EXAFS modulations in normal
and grazing incidences suggest that two O atoms are close to in-plane with respect to Ti at distances
of 1.70 A and 2.57 A. The third O atom is found to be out-of-plane at a distance of 2.58 A. Although the
quasicrystalline structure of the overlayer suggests
that the Ti atoms occupy multiple sites above the
Pt surface, a model with a single site (close to 3-fold
hollow, Fig. 1) could be composed, which describes
the experimental modulation functions surprisingly
well (R-factor 0.12), better than any other single
site model. Within this model contributions of
atoms at distances up to 5.6 A to Ti could mainly
be assigned to scattering from substrate Pt atoms.
In addition, a weak contribution at 3.24 A could be
assigned to Ba atoms. Any other atom above 5.6 A
is too far away to contribute significantly to EXAFS
modulations. Further implications of this model for e - s e s s
the geometric structure of the quasicrystalline layer FhEEMLERGED

will be discussed.
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Ti K-edge x-ray absorption of a barium titanate
derived quasicrystalline layer on Pt(111) including
a structural model
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The interaction of water with titanium dioxide (TiO,) is pivotal for many practical applications of this
material in heterogeneous catalysis because water is almost always present either as a reactant or a
product in many catalytic reactions. In our model study, we focus on the anatase polymorph of TiO, that
has demonstrated a higher catalytic activity in water splitting than rutile and is generally considered
as a more technologically relevant polymorph. The nanocrystals of anatase that are present in powder
catalysts normally expose a high fraction of low surface energy (101) facets and a significantly smaller
fraction of high energy, but supposedly more reactive (001) facets. The (001) facet is intrinsically unstable
and reconstructs upon annealing in vacuum forming 1x4 reconstructed terraces, where rows of bridging
oxygen atoms in [100] and [010] directions are replaced by TiO, units [1]. This kind of reconstruction
has been found both on the (001) facets of anatase single crystals and nanoparticles [2], however the
interaction of water with this surface has been significantly less investigated.

In the present work, we study the adsorption and dissociation of water on the anatase (001) 1x4
reconstructed surface by means of STM, TPD, and synchrotron core-level and valence band PES under
UHV conditions. Our results show that water dissociates to some extent even at 120 K and that low water
exposures (up to 3 L) at this temperature results in a mixture of molecularly and dissociatively adsorbed
molecules. A systematic analysis of the data obtained using all three techniques leads us to a conclusion
that the A-TiO2(001)-1x4 surface is rather reactive - in agreement with an earlier study [3] we find that
water dissociates at the ridges of the 1x4 reconstruction. Moreover, the 1x4 reconstruction remains stable
upon water exposures at least up to ~45 L (at 120 K). However, after desorption of a multilayer ice film, the
ridges themselves contain a high number of defects (see the STM image in Fig. 1), which remain stable up
to 800 K. The nature of these defects will be discussed.

Figure 1: A typical STM image of the anatase (001) 1x4
reconstructed surface after desorption of multilayer ice
film recorded at room temperature.
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Morphology and stability of thin para-hexaphenyl layer grown on atomically flat
surfaces of TiO,(110)

SEMI Semiconductor surfaces and ultrathin layers
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Marian Smoluchowski Institute of Physics, Jagiellonian University, 30-348 Krakow, ul. Lojasiewicza 11, Poland

The growing interest in organic and molecular electronics and its technological applications encourages
search for best suitable molecule-substrate systems. In particular for films composed of rod-like molecules
(like oligo-phenylenes), the molecular orientation with respect to the substrate is crucial.

We report on the investigation of the nucleation process of para-hexaphenyl (6P) molecules, consisting of
six interlinked phenyl rings, deposited on atomically flat TiO,(110) (1x1) surfaces prepared by cycles of Ar*
sputtering at room temperature (RT) and subsequent annealing at 1050 K. Sub-monolayer films of 6P (from
0,1 ML to 1 ML) were prepared by use of organic molecular beam epitaxy at RT. The surface morphology
of the developed structures were investigated in situ by means of non-contact atomic force microscopy
(ncAFM), scanning tunneling microscopy (STM) and ex situ by tapping-mode AFM. Additionally, for the
surface reconstruction examination, we used a Low Energy Electron Diffraction (LEED) technique.

It has been found that the evaporation of sub-monolayer 6P coverages on flat TiO,(110) resulted in the
formation of molecular nanowires built of 6P molecules and a wetting layer consisting of lying molecules.
We present that the molecularly-resolved imaging proved that the wetting layer is a well-ordered straight
striped structure of molecular rows of molecules aligned side-by-side with the average distance of 0,65
nm corresponding to the distance of atomic rows of TiO,(110) substrate surface (Figure 1). This wetting
layer is a thermodynamically unstable structure and the molecular stripes rearrange at the timescale
depending on the substrate surface quality, to form the structure following the shape of the TiO,(110)
terrace edges. Finally, an air-exposure of the sample induces a decomposition of the wetting layer and
molecular clusters formation.

Figure 1. S5TM images of the weiting layer consisting of side-by-side aligned 6P molecules: a) 80x80 nm image
taken few hours after 6P deposition; b) 80x80 nm image taken 1 day after 6P deposition.

80



27 AUG - 1 SEP 2017
SZEGED, HUNGARY

ﬂ& ecoss 33 ORAL PRESENTATIONS

Thu-14:40-O-CATH @
In situ structural studies and gas phase visualization of model catalysts at work

CATH Catalytic 2D-model studies under high pressures
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Catalysis is widely used in the production process of chemicals, pharmaceuticals, and fuels. In an industrial
catalyst the heterogeneous catalytic reaction proceeds via adsorption on surfaces of catalytic active
nanoparticles embedded in an insulating porous oxide. The materials system of a catalyst is therefore
complex in particular when operating under harsh conditions and at elevated temperatures. Simplified
model systems such as single crystals are therefore used to gain reliable knowledge on the catalytically
active surface on the atomic scale studied under Ultra High Vacuum (UHV) conditions [1]. The well-
defined surface of a single crystal enables detailed studies of specific properties such as adsorption sites
or surface structures that are expected to be present on the active catalytic nanoparticles in an industrial
catalyst, and how these properties contribute to the catalytic activity. The drawback with this approach
is the difficulty to conclude if the properties found on a single crystal surface under UHV conditions
also are applicable for nanoparticles and under harsh conditions. As a consequence, a number of in
situ experimental techniques have been developed operating at more realistic condition to extend the
fundamental knowledge on catalytic reactions and to bridge the pressure gap.

In this contribution we present results from Ambient Pressure X-ray Photoelectron Spectroscopy (APXPS)
for surface and gas-phase studies and Planar Laser-induced Fluorescence (PLIF) for gas phase visualization,
see Figs. 1a) and d), during the CO oxidation over a Pd(100) surface under semi-realistic conditions.

The APXPS experiments were carried out by slowly increasing the temperature of the Pd(100) in a 1:1
ratio of CO and O, at different total pressures [2]. We observe a pressure dependent CO desorption
temperature, and therefore a pressure dependent ignition temperature of the reaction. The increasing
light-off temperature of the catalyst is observed in conjunction with an increasing oxygen coverage on
the surface measured immediately after the light-off. A surface oxide, which is formed at a coverage of
0.8 ML of oxygen was never observed in a 1:1 ratio of CO and O, at pressures up to 1 mbar Exposing the
crystal to a more oxygen rich environment at a ratio of 1:4 of CO and O, results in an active surface and the
formation of a surface oxide. Remarkably, no CO could be detected neither in the gas phase nor adsorbed
on the surface after the ignition of the reaction, despite a highly active surface, see Fig. 1c). A similar
situation was also observed when CO oxidation over Rh(100) was studied using APXPS[3].

The absence of CO during the APXPS in situ studies during CO oxidation highlight the importance of the
change of the gas phase in the presence of an active catalyst to enable a correlation between the surface
structure of the catalyst and the measured catalytic activity. To investigate the gas phase in more detail,
we have developed PLIF for applications in catalysis. In PLIF, a laser is used to excite a gas molecule of
interest in the vicinity (~0.3 mm) of the catalyst surface. By using a laser sheet, the gas phase is probed,
non-intrusively, in two dimensions, allowing for 2D detection of the emitted fluorescence light. The result
is an image of the gas distribution in the reactor of the probed gas with an updating frequency of 10 Hz,
see Figs. 1e-h).

PLIF was used to study in situ the change of the gas phase during CO oxidation over Pd(100), where
the images visualize the build-up of a boundary layer of CO, close to the active surface, see Fig. 1 f)
and h), and the reaction is mass transfer limited by the diffusion of CO. Within this boundary layer the
gas composition is significantly different as compared to the composition detected at the outlet of the
reactor by a mass spectrometer (MS)[4]. A detailed analysis of the CO gas phase reveals a depletion region
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of CO 0.3 mm above the sample where the partial pressure of CO is approximately 80% lower as detected
10 mm from the sample surface or by the MS[5]. The drastic drop in the CO pressure close to the surface
explain the absent CO emission in the APXPS experiments, since the resulting partial pressure of CO is
below the detection limit of the APXPS. PLIF opens the door to a number of new fundamental studies and
applications [6], which will be discussed in the contribution.
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Figure 1. a) APXPS operating at semi-realistic conditions used to probe a model
catalyst surface for structure and gas determination. b) C1 s before ignition.

c) C 1s after ignition. Note the absence of CO in the gas phase or at the surface.
d) A laser sheet probes the gas phase when PLIF is used to generate a 2D image
of the gas distribution. The 2D CO2 distribution e) before and f) after ignition.

The CO distribution g) before and after h) after ignition
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Interest in ionic liquids (IL) for electrochemical devices, such as batteries and supercapacitors can be
attributed to their large electrochemical windows (up to ~6 V), thermal stability, low volatility and
inherently high conductivity. However, the application of ILs for the device, has been limited for several
reasons but especially because the electrolyte-electrode interface is not as well-defined.

To assess electrolyte-solid state interface under in-operando conditions ultra thin films of [EMI+]FSI-] ionic
liquid of varying thickness were deposited on the surfaces of HOPG and VN film. The IL was deposited
via thermal evaporation under UHV conditions. The deposited IL thin films were characterized by means
of the in-situ XPS and ex-situ AFM (but under inert atmosphere of Ar). Electrochemical characterizations
of the IL thin films were performed in the UHV apparatus using two-electrode set-up with a counter
electrode made out of activated carbon.

At the interface with polycrystalline VN film the XPS revealed ordering of the IL in the direction
perpendicular to the interface — alternating layers of cations and anions with cations adjacent to the
substrate. In contrast. at the interface with HOPG the IL structure was similar to that in the bulk. The AFM
data confirm “droplet on layer” growth model of the IL on the surface of HOPG.

In-situ XPS measurements of the IL film at the cathodic (-1.9 V) and anodic (+1.5 V) revealed: 1) potential
drop across the IL film and 2) reversible variation of the intensity of the XPS spectral lines (F1s, S2p, Ofs,
N2p and C1s) when the cell potential changes from positive to negative and back (See Fig.1). A model
describing the potential/charge profile across the IL-solid interface and the potential driven lateral
dynamics of the IL will be discussed.
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Fig.1. In-situ electrochemical XPS. Cls ' ; F_E_N_E_F
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Competition between hydrogen bonds and coordination bonds steered by the
surface molecular coverage

ORGS Organic molecules on solid surfaces
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In addition to the choices of metal atoms/molecular linkers and surfaces, several crucial parameters,
including surface temperature, molecular stoichiometric ratio, electrical stimulation, concentration,
and solvent effect for liquid/solid interfaces, have been demonstrated to play key roles in the formation
of on-surface self-assembled supramolecular architectures. Moreover, self-assembled structural
transformations frequently occur in response to a delicate control over those parameters, which, in
most cases, involve either conversions from relatively weak interactions to stronger ones (e.g., hydrogen
bonds to coordination bonds) or transformations between the comparable interactions (e.g., different
coordination binding modes or hydrogen bonding configurations). However, intermolecular bond
conversions from relatively strong coordination bonds to weak hydrogen bonds were rarely reported.
Moreover, to our knowledge, a reversible conversion between hydrogen bonds and coordination bonds
has not been demonstrated before. Herein, we have demonstrated a facile strategy for the regulation
of stepwise intermolecular bond conversions from the metal—-organic coordination bond (Cu—N) to the
weak hydrogen bond (CH--N) by increasing the surface molecular coverage. From the DFT calculations
we quantify that the loss in intermolecular interaction energy is compensated by the increased molecular
adsorption energy at higher molecular coverage. Moreover, we achieved a reversible conversion from the
weak hydrogen bond to the coordination bond by decreasing the surface molecular coverage.
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Fig. 1 Bond conversion from coordination bond to hydrogen bond steered by surface molecular coverage

Keywords:

bond conversion, hydrogen bond, metal—organic coordination bond, self-assembly, scanning tunneling
microscopy
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Porphyrins have attracted the interest of researchers in different fields: chemistry, biology, physics, material
science and technology due to the enormous variations of the molecular reactivity obtained by simply
changing the peripheral radical groups and/or the inner metal atom. Thin porphyrin films have been
grown on metals, semiconductors or organic-compatible substrates in view of possible applications in
scalable organic-based devices (sensors, solar cells, etc.). In those cases, the interaction with the substrate
can significantly perturb the reactivity of the porphyrin and the properties of the hypothetical device.
A viable strategy to passivate the surface of the substrate is the introduction of an ultra-thin metal oxide
(MO) layer prior to the growth of the molecular film. Since MO thin films represent an extremely wide
class of compounds, we decided to focus our attention on the well characterized Fe(001)-p(1x1)O system,
where the presence of oxygen atoms residing in the fourfold-symmetry surface hollow sites, i.e. slightly
above the Fe(001) surface layer, might help decoupling the porphyrins from the metallic substrate.

We studied the growth of the prototypical Zn-tetra-phenyl-(meso) porphyrin (ZnTPP) molecule on Fe-
p(1x1)O with a variety of experimental techniques: scanning tunneling microscopy (STM), low-energy
electron diffraction (LEED) and near edge X-ray adsorption spectroscopy (NEXAFS) for the morphology
of the films and the ordering of the molecules; photoemission, inverse photoemission (PES,IPES) and
scanning tunneling spectroscopy (STS) for the electronic structure. In the monolayer range, we observed
the formation of a commensurate (5x5) superstructure composed by flat-lying molecules completely
wetting the MO surface, while for a higher thickness of the ZnTPP layer a more compact configuration is
observed, possibly allowed by the tilting of the inner ring of the molecule. Our spectroscopic results [1]
are compared with those obtained by growing ZnTPP films either on Si(111) 7x7, clean Fe(001) or Au(001).
On Fe(001)-p(1x1)O, sharp spectroscopic features are detected, together with the HOMO and LUMO levels
of the ZnTPP molecule, suggesting that the ultra-thin oxygen layer significantly reduces the molecule-
substrate interaction.
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One of the most extensively studied metal oxides for use in electrochemical capacitors is hydrous
ruthenium dioxide powder with a pseudocapacitance of with about 800-1000 F/g. Catalyst screening
suggests that hydrous RuO, also performs well as an oxidation catalyst at room temperature. The catalytic
properties of hydrous RuQ, are so far not well understood due to its complex amorphous structure.
In order to improve molecular understanding of hydrous RuO,, a model system with preferably low
structural and morphological complexity is required. This contribution presents a model system using
single crystalline Ru(0001) as a template on which hydrous RuQ, is electrochemically formed.

The hydrous RuO, layer on Ru(0001) and its temperature induced transformation under ultra-high vacuum
and atmospheric conditions are comprehensively characterized by scanning electron microscopy and
X-ray photoemission spectroscopy. The hydrous RuOQ, layer grows with an intricate morphology governed
by the presence of step bunching regions of the Ru(0001) surface. Lastly, we studied the formation of RuO,
crystallites aligned along the high symmetry direction of Ru(0001) (highlighted in the SEM micrograph)
formed by the decomposition of the hydrous RuO, layer upon annealing at 200 °C. These particles form
preferentially at step edges and step bunching regions and are distributed evenly across the sample
surface. This model system is used to study the catalytic CO oxidation and ethanol oxidation in the next
step.
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High-k inorganic dielectrics are ideal candidates for fabrication of high-capacitance organic field effect
transistors (OFETs) [1]. However, deposition of inorganic dielectrics require expensive equipment and
high temperature processes which is not compatible with flexible substrates. On the other hand, polymer
dielectrics have relatively low dielectric constants and good mechanical properties. The combination of
inorganic-organic materials as gate dielectrics is considered as a promising solution to get better OFET
performance [2].

Inthiswork,Ta,O,nanoparticlesaredispersed 6,0
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cm? /Vs at 70 wt% concentration of Ta,0,, respectively.
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Nickel is one of the most commonly used catalysts for industrial reactions. We will present here
experimental measurements of the energetics of adsorbed methyl, formate, water, methanol, benzene,
and phenol on Ni(111). These systems have been widely studied with experimental and theoretical
methods, but their energetics have not been previously measured. A complete understanding of these
energetics is crucial for developing better catalysts and more accurate theoretical methods. Single crystal
adsorption calorimetry (SCAC) allows for the direct measurements of surface reaction heats by using a
pulsed molecular beam, a Tum thick Ni(111) crystal, and a heat transducer. By analyzing how the heat of
adsorption changes as a function of temperature and coverage, heats of formation and bond enthalpies
of each of these molecules and molecular fragments on Ni(111) are determined. These measured energies
provide important experimental benchmarks that are compared with quantum mechanical calculations.
We will also provide a comparison of these energetics on Ni(111) to previous measurements on Pt(111).
This knowledge provides insight into the thermodynamic distinctions between these two catalysts,
which explain differences in their catalytic activities and selectivities.
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Creating sp3 defect sites in an otherwise perfect sp2 graphene lattice, in a controlled manner, has been
shown to introduce a band gap in the electronic structure of graphene.(1) Here, we exploit the moire
lattice which emerges following the epitaxial growth of graphene on an Ir(111) surface to create localized
graphene oxide nano-islands, in patterned formation, on the graphene basal plane. We demonstrate,
experimentally, that the Ir surface beneath the graphene facilitates formation of new types of carbon-
oxygen bonds, previously not considered in graphene oxide, in regions where the carbon atoms lie in a
graphane-like configuration above Ir atoms. Precise control over the graphene oxide growth conditions
allows for selective oxygen atom addition to carbon atoms at specific sites in the moire pattern.

The addition of oxygen species to graphene, and the formation of graphene oxide, is actively pursued to
produce well-dispersed graphene sheets from graphite crystals in solution.(2) The controlled formation
of the oxide and, in particular, the production of lightly oxidized graphene sheets, is of significant benefit
during the subsequent reduction step and the synthesis of reduced graphene oxide.(3) Hence, it is
important to understand the multitude of ways in which O species can covalently bond to the graphene
basal plane. It was recently suggested, through DFT calculations, that O atoms can add to the graphene
basal plane through formation of enolate moieties and here we show tentative experimental evidence
in support of that theory.(4) Using scanning tunneling microscopy we show that graphene prepared on
Ir(111) selectively bonds to oxygen atoms in areas where the moire lattice facilitates the formation of a
graphene-like structure. A similar method has previously been used to produce patterned C-H bonds in
the same graphene system.(5) The new bond formation is further characterized using x-ray photoelectron
spectroscopy and high-resolution energy-loss spectroscopy. The etching of graphene oxide nano-islands
through thermal annealing is also considered.
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Ultrathin Fe films on SrTiO,(001): growth, interfacial interaction and electronic
structure

OXID Oxide surfaces and ultrathin oxide films
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Université de Rennes 1, Institut de Physique de Rennes, UMR UR1-CNRS 6251, Département Matériaux
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Metal/perovskites interfaces have received considerable attention because of their technological
importance in many applications. For example, the non-volatile resistive switching devices have been
studied extensively, because of their potential applications for next generation nonvolatile resistance
random access memory [1]. Besides, perovskite-based extrinsic multiferroic materials exhibiting
an interfacial magnetoelectric coupling have also attracted much attention for their scientific and
technological interest with a view to developing novel multifunctional devices [2]. Although many
studies have been carried out on resistance switching processes or on magnetoelectric coupling in
metal/perovskites devices, there is still little information about the mechanisms governing the interface
formation.

Here we report a detailed study on the initial growth and electronic properties of ultrathin Fe films on
TiO,-terminated SfTiO,(001) surface using x-ray photoemission spectroscopy (XPS), x-ray photoelectrons
diffraction (XPD) and reflection high-energy electron diffraction (RHEED) techniques. The Fe films were
deposited by molecular beam epitaxy at room temperature on clean (carbon-free) Nb-doped SrTiO,(001)
substrate. The epitaxial growth of monocrystalline Fe on SITiO, is obtained for iron coverages higher
than 0.6 nm with the 45° in-plane rotated cube-on-cube epitaxy, i.e. (001)[110]Fe//(001)[100]SfTiO,. In the
first stage of growth (0 - 0.15 nm Fe) the Ti** and Ti** components appear in the Ti2p core-level XPS
spectra. We assign these components to Ti ions surrounded by oxygen vacancies in the SITiO, substrate
close to the surface. Besides, we also observe that during the interface formation some Fe atoms are
oxidized in the interface region, but in limited proportion. Concomitantly, we find that the deposition
of the fraction of Fe monolayer pushes the surface conduction band of the SITiO, below the Fermi level
indicating that Fe deposition induces a metallization of the SfTiO,(001) surface. We propose then that this
surface downward band bending is related to the oxygen vacancies creation induced by the Fe atoms
deposition. Finally, we have determined the Schottky barrier height (SBH) for the Fe/SrTiO,(001) n-doped
junctions from XPS measurements. We obtain a SBH value of ~0.2 eV indicating that the contact is ohmic
as for Cr/SITiO, junctions. These results disagree with theoretical works which shown that the SBH for
the Fe/SITiO, junctions should be higher than 1.0 eV [3]. The difference between the theoretical works
and our data comes from the fact that the theoretical model does not take into account the presence of
positively charged oxygen vacancies at the surface.
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Sharpness-induced energy shifts of quantum well states in Pb islands on Cu(111)
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We elucidate that the tip sharpness in scanning tunneling microscopy (STM) can be characterized
through the number of field-emission (FE) resonances. A higher number of FE resonances indicates
higher sharpness. We observe empty quantum well (QW) states in Pb islands on Cu(111) under different
tip sharpness levels. We found that QW states observed by sharper tips always had lower energies,
revealing negative energy shifts. This sharpness-induced energy shift originates from an inhomogeneous
electric field in the STM gap. An increase in sharpness increases the electric field inhomogeneity, that is,
enhances the electric field near the tip apex, but weakens the electric field near the sample. As a result,
higher sharpness can increase the electronic phase in vacuum, causing the lowering of QW state energies.
Moreover, the behaviors of negative energy shift as a function of state energy are entirely different for Pb
islands with a thickness of two and nine atomic layers. This thickness-dependent behavior results from
the electrostatic force in the STM gap decreasing with increasing tip sharpness. The variation of the phase
contributed from the expansion deformation induced by the electrostatic force in a nine-layer Pb island is
significantly greater, sufficient to effectively negate the increase of electronic phase in vacuum.

References:
Nanotechnology 25 (2017) 095706
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Chemical transformation and magnetic induced properties of a fluorinated
Tetraphenylporphyrin on Au(111)

ORGS Organic molecules on solid surfaces
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Porphyrins have attracted the attention of the scientific community due to theirimportance in biology as
well as their potential for optoelectronic devices, bioprobes, sensors and catalysts. In particular, they are
of great interest in surface science as their magnetic, electronic and chemical properties can be tailored
at will for different purposes such as spintronics, information storage or sensing. Their terminal positions
can be functionalized with different moieties to design diverse low dimensional nanoarchitectures
with distinct intermolecular interactions: self-assembled arrays, metal-organic networks or covalent
frameworks. Additionally, the central cavity acts as a chemical pocket that can incorporate a large variety
of metal ions. In the last decade, many studies focused on the in-situ metalation with transition metals,
but only recently lanthanides started to be investigated. This is particularly interesting as porphyrins can
embrace the unique properties of the rare-earth metals, such as the high single-ion magnetic anisotropy
arising from the protected 4f electron shell.
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Here we present a thorough scanning tunneling microscopy (STM) study of the 5,10,15,20-tetrakis
(4fluorophenyl)-21,23H-Porphyrin (4FTPP) on the Au(111) surface. First the topologic and electronic prop-
erties of intact species is determined, featuring the well-known characteristics of porphyrinoids such
as the tautomerization of its central H atoms. Annealing the sample with self-assembled monomers at
625 K leads to the metalation of the tetrapyrrole macrocycle with surface Au adatoms and the chemical
transformation of the units, resulting in planarized porphyrin derivatives (Au-PDD). The mechanism, via a
dehydrogenative ring-closure intramolecular reaction, yields four types of products which self-assemble
into two different supramolecular architectures: i) One-dimensional chains confined in the hcp and fcc
regions of the herringbone reconstruction and ii) Large porous supramolecular islands.
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Further annealing at 725 K overcomes the energy barrier of intermolecular reactions and Au-PDD cova-
lent tapes are obtained through the formation of C-C coupling.

Alternatively, we explored the metalation of intact 4FTPP species on Au(111) by dosing dysprosium
(Dy) atoms. Due to the larger ionic radius of Dy atoms in comparison with other transition metals they
coordinate out of the main plane of the monomer and two intermediate metalation states are observed:
Dy-2H-4FTPP and Dy-1H-4FTPP, in coexistence with fully metalated Dy-4FTPP. The Dy-2H-4FTPP species
exhibits a strong Kondo signal, and the analysis of the broadening of the Kondo resonance versus
temperature indicates a Kondo temperature of 100 K. Interestingly, the Kondo signal can be switched off
by vertical manipulation, irreversibly changing the Dy-2H-4FTPP into the Dy-1H-4FTPP and finally into the
fully metalated Dy-4FTPP species.

These results introduce a new porphyrin derivative and demonstrate its potential for molecular self-
assembly and on-surface synthesis. In addition, our results pave new avenues for the design of molecular
magnets on surfaces.
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Self-assembled monolayers - the impact of the binding group on structure and
stability

MOLA Ultrathin two-dimensional molecular self-assembly
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Smoluchowski Institute of Physics Jagiellonian University, 30-348, Krakéw, Poland

Self-assembled monolayers (SAMs) are considered to be one of the most prototypical systems for
investigating organic nanostructures and their potential application in nanotechnology and molecular
electronics. The key feature in this type of material is the chemical bonding between the molecules and
respective substrate. So far, the overwhelming majority of studies have been performed using sulphur
as the binding group atom, which covalently binds the desired molecule to the metal substrate, making
this system a reference standard for other types of SAMs. In this presentation we will compare standards
based on sulfur with analogue SAMs based on selenium [1-3], carbon [4] and carboxylate group [5]
indicating differences in 2D structure and in stability of binding with the most common metal substrates
such as Au(111) and Ag(111). By combination of microscopic and spectroscopic study we will propose a
general mechanism responsible for the film stability at the molecule-metal interface.
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Peekaboo on the nanoscale: self-assembled monolayers of
1, 3, 5-tris(4-carboxyphenyl)benzene (H3BTB) on Silver
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Aromatic carboxylic acids (ACAs) have been in the focus as key constituents of both 3D frameworks and
2D networks on surfaces. In contrast, self-assembled monolayers (SAMs) of ACAs, where molecules adopt
an upright orientation and exhibit a dense packing, have been studied very little. Only very recently it has
been demonstrated in molecularly resolved studies'? that ACAs form high quality layers on copper and
silver, thus, suggesting that the versatility of this class of compounds can also be exploited for the design
of SAMs.
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H3BTB, which has been used as linker in metal-organic frameworks* (MOFs) and in 2D supramolecular
networks®, exhibits an interesting case as its geometry should result in a more open SAM structure
compared to other oligophenylene SAMs'. Here we report our studies of H3BTB SAMs formed from
solution on a Ag modified Au(111)/Mica substrate. Scanning tunnelling microscopy (STM), X-ray
photoelectron spectroscopy (XPS), and near-edge X-ray absorption spectroscopy (NEXAFS) reveal that
H3BTB adsorbs in a monopodal geometry, and yields a highly crystalline layer in which the molecules
arrange in rows due to the strong m-m interactions between the molecules. Thus forming a SAM which
exhibits nanochannels (1 in Figure), the possibility of intercalating a second species (2 in Figure) opens
up. To establish this the native H3BTB SAM was exposed to a solution of either 1-adamantanecarboxylic
acid or 1-adamantanethiol. While the SAM appears unchanged when imaged by STM the appearance of
a sulphur peak in the XPS spectra when using the adamantanethiol or a change in the carboxylate signal
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when using 1-adamantanecarboxylic acid suggest the presence of adamantane molecules.Imaging under
conditions where the H3BTB molecules are removed reveals the adamantane molecules. Unexpectedly,
they form a dense layer (3 in Figure) which is explained by the nanochannels representing a reservoir
from which, due to a delicate balance of competing enthalpic factors, the molecules are expelled.
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The spillover of hydrogen including the diffusion of H atoms from the metal particles of a catalyst to
the support is of great importance in catalysis, hydrogen storage and gas-sensorics [1]. On metal oxide
supports the spilt-over hydrogen can form OH groups similar to the reaction of metal covered titania
with water, which phenomena have attracted interest regarding the photocatalytic activity of TiO, for
water-splitting [2] and water gas shift (WGS) reaction [3]. The reactions of D,, H, and H,O with a nearly
stoichiometric TiO,(110) surface covered by rhodium particles and the effect of CO on these processes
has been investigated by TPD, AES and sensitive temperature-programmed work function (WF)
measurements.

One monolayer (ML) of Rh saturated with deuterium at 270 K gave D, TPD features with T =370 and 450K,
corresponding to desorption from the metal and support, respectively. Isotope mixing with H, resulted in
the release of HD at about 30 K higher temperatures. Saturating the Rh by CO at 330 K completely blocked
the uptake of hydrogen on the metal and consequently eliminated the peak at 450 K attributed to spilt-
over hydrogen. At 270 K, under the effect of CO exposure the pre-adsorbed hydrogen could be removed
from the metal, but the TPD feature for spilt-over hydrogen was still observed. Decreasing the adsorption
temperature to 200 K, CO replaced only partly the pre-adsorbed hydrogen which was accompanied by
a considerable decrease in the adsorption bond energy of the other part remained on the metal. The
co-adsorbed CO could not cease the spillover of H atoms towards the support. TiOx overlayers produced
by stepwise heating of the titania-supported Rh particles suppressed the H, uptake of the metal, but the
spillover of hydrogen from the Rh particles covered partially by TiOx towards the support proceeded.
The adsorption of water at 200 K on the nearly stoichiometric TiO,(110) gave H,O TPD peaks at 227 and
380 K, attributable to molecular water desorption and recombination reaction of surface hydroxide
groups, respectively. The release of H, peaked at 326 K indicated that adsorbed water reacted with the
defect sites of titania, leaving oxygen on the surface. Saturation of the titania by water decreased the
WF by 1.47 eV. The desorption states observed below and over 300 K have positive outward dipole
moments, contributing to the WF change by -0.65 and -0.82 eV, respectively. In the presence of 1 ML
Rh a new H, TPD sate developed with T =580 K. It is associated with the reaction of water at the titania-
Rh interface, the length of which could be maximized by pre-heating the titania supported Rh layer to
700-750 K. Importantly, this interfacial state could be formed in the presence of adsorbed CO, which has
also reactivity towards the interface.
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Following the observation in 2007 of atomic and molecular diffraction by surfaces under fast (0.2-20 keV)
grazing (1-3°) incidence conditions [1, 2], the potential to characterize surface properties with more
accuracy than with traditional atomic diffraction techniques was immediately realized.

As in traditional low energy diffraction, most experiments of diffraction under fast grazing incidence (DFGI)
have been performed by using light atomic projectiles, mainly H and He, since their internal structure is
preserved upon scattering by the surface, thus simplifying the analysis of the measured spectra. Nevertheless,
DFGI has also been reported by using H, and D, molecular projectiles, although the complications arising
from the additional degrees of freedom (molecular rotation and vibration) and the lack of theoretical
support to understand their role in this context has prevented further developments in this direction.

One of the main problems in interpreting H, DFGI experiments is that the initial ro-vibrational state of
the molecule is not known. Lack of knowledge on the actual projectile ro-vibrational distributions and
the role played by vibrational and rotational excitations in DFGI is therefore the current bottleneck in the
field, which prevents experimentalists from exploiting the huge potential of molecular projectiles.

In this context, help from theoretical modeling with real predictive power is crucial to guide experimental
research. This modeling requires, at least, the evaluation of accurate potential energy surfaces (PES) to
describe the H_-surface interaction and the solution of the time-dependent Schrédinger equation (TDSE)
that governs the scattering dynamics in which all the H, molecules degrees of freedom are taken into
account.

We show that diffraction strongly depends on the initial H, rotational state, while it barely depends on
the initial vibrational excitation. This behavior is entirely due to elastic scattering processes in which
the initial rotational angular momentum of H, is preserved, thus greatly simplifying the analysis of the
observed spectra. At specific incidence directions, the appearance of high-order diffraction peaks reveals
a high degree of rotational excitation in the incident molecular beam, which must therefore be taken into
account to correctly interpret experimental spectra, but provides, in the absence of inelastic processes,
the ideal scenario for a detailed characterization of the surface. These conclusions are supported by the
good agreement between our results and those of recent experimental measurements [3].
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oxide nanocomposites for catalytic, sensor and energy storage applications
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Graphene-based nanocomposites show great potential in photocatalysis, photoelectrochemical cells,
dye-sensitized solar cells, energy storage and sensors applications [1]. Especially, the hybrid composites
that are formed by the anchoring of metal (Me) or metal oxide (MeO) with graphene or GO have been the
most studied research topic in the recent years due to the enhanced electrical and electronic properties
and the synergistic effect between graphene and Me or MeO. However, those composites were generally
prepared by chemical and solvothermal methods that that carried out in presence of high concentration
of protective and reducing agents and requires multiple steps and externally supplied energy. Therefore,
it is of great importance to develop facile and feasible synthetic routes in order to fabricate graphene-
based nanocomposites with novel and enhanced properties.

We report the one-pot electrochemical strategy to fabricate electrochemically reduced graphene
oxide (ERGO)-Me/MeO nanocomposites and their applications in catalytic, sensor and energy storage.
This approach is based on the combination of electrochemical reduction of GO [2] and Me ions in the
presence or absence of dissolved oxygen [3] from the same solution. Unlike existing approaches, the
present approach is simple and allows us to fabricate Me or MeO decorated ERGO hierarchical structures
directly onto substrates, which are highly desirable for many applications.

The nanoscale structure, morphology and chemical compositions of the as-electrodeposited
nanocomposites (ERGO-Ni and ERGO-ZnO) were characterized by field emission scanning electron
microscopy (FE-SEM), X-ray diffraction (XRD), Raman spectroscopy and X-ray photoelectron spectroscopy
(XPS). Our results indicate that the direct electrochemical fabrication of ERGO-Ni and ERGO-ZnO
nanostructures on conductive substrates is a convenient and low-temperature route to large-scale
production and is also expected to be applicable to the synthesis of other metal oxide structures.
Photocatalytic, capacitive,
and electrochemical sensing
behavior of the nanocomposites
were explored using cyclic
voltammetry, UV-Vis absorption
and reflection spectroscopy and
photocurrent measurements.
Electrochemicalandphotocurrent
measurements revealed that
those  nanocomposites  are
promising candidates for the
catalysis and sensor applications.

M , Vg N 3
Figure. SEM images of ZnO and Ni decorated ERGO structures
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The energy band alignments at interfaces often determine the electrical functionality of a device. Along
with the size reduction into the nanoscale, functional coatings become thinner than a nanometer. With
the traditional analysis of the energy band alignment by in situ photoelectron spectroscopy, a critical
film thickness is needed to determine the valence band offset. By making use of the Auger parameter, it
becomes possible to determine the energy band alignment to coatings, which are only a few Angstrém
thin. This is demonstrated with experimental data of Cu,O on different kinds of substrate oxide materials
and discussed taking into account dielectric constants and changes to the cation coordination in the film
material.
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The formation of extended covalent molecular structures with low dimensionality is an exciting scientific
challenge and technological prospect, aiming to realize organic analogues of graphene exploiting a
bottom-up approach. On-surface synthesis has demonstrated the possibility of realizing a variety of
1D and 2D structures with atomic precision upon careful choice and functionalization of the precursor
molecules[1,2]. However, precise control over the growth processes is not always achieved, leading to
undesired final products that negatively affect the properties of the desired nanostructure. A detailed
understanding of the reaction pathways may lead to the optimization of the reaction conditions,
allowing for the rational choice of proper reactant molecules and the control of the parameters during
the activation of the surface-confined reactions.

In this view, we performed combined investigation of novel systems by means of scanning tunneling
microscopy (STM), noncontact atomic force microscopy (nc-AFM), fast X-ray photoelectron spectroscopy
(fast-XPS) and density functional theory (DFT) calculations. The growth of (i) 9-atom wide armchair
graphene nanoribbons (9-AGNRs)[3] and (ii) indenofluorene-based polymers will be discussed. In the first
case, fast-XPS measurements provide insights into the sequence of surface-confined reactions producing
9-AGNRs from iodine and bromine-containing precursors. Our results enlighten all the chemical states
appearing during the transformation, the corresponding temperatures of transition, and the reaction
kinetics, demonstrating the advantages in the use of iodine as substituent halogen to promote the aryl-
aryl coupling and obtaining longer ribbons. Moreover, the connection between cyclodehydrogenation
and halogen desorption reactions will be discussed (Figure 1a). The second part of the talk will focus
on open-shell structures, which received extreme interest because of their unusual properties, such
as narrow frontier-orbital energy gaps and strong absorption in the visible spectrum[4]. The synthesis
and characterization of novel nanostructures containing indenofluorene units, which are predicted to
possess biradical character, has been achieved using precursor molecules containing methyl groups.
A detailed investigation of the morphology and electronic properties of polymers containing various
relative arrangement of six- and five-member rings will be presented (Figure 1b).
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Figure 1. On-surface synthesis and characterization of 9-AGNRs (a) and indenofluorene-based polymers (b).

References:

[11 On-Surface Synthesis; Gourdon, A., Ed.; Advances in Atom and Single Molecule Machines; Springer
International Publishing: Cham, 2016.

[2] Cai, J.; Ruffieux, P; Jaafar, R.; Bieri, M.; Braun, T,; Blankenburg, S.; Muoth, M.; Seitsonen, A. P; Saleh, M.;
Feng, X.; Mullen, K.; Fasel, R. Nature 2010, 466 (7305), 470.

[3] Talirz, L,; S6de, H.; Dumslaff, T.; Wang, S.; Sanchez-Valencia, J. R;; Liu, J,; Shinde, P, Pignedoli, C. A,;
Liang, L.; Meunier, V.; Plumb, N. C,; Shi, M,; Feng, X.; Narita, A.; Millen, K.; Fasel, R.; Ruffieux, P. ACS
Nano 2017, 11, 1380.

[4] Rudebusch, G. E,; Zafra, J. L; Jorner, K.; Fukuda, K.; Marshall, J. L.; Arrechea-Marcos, |.; Espejo, G. L.;
Ponce Ortiz, R,; Gdmez-Garcia, C. J,; Zakharov, L. N.; Nakano, M.; Ottosson, H.; Casado, J.; Haley, M. M.
Nat. Chem. 2016, 8 (8), 753.

102



27 AUG - 1 SEP 2017
SZEGED, HUNGARY

A& ecoss 33 ORAL PRESENTATIONS

Thu-15:20-O-ENER @
Morphology effect on proton dynamics in Nafion® 117 and sulfonated polyether
ether ketone (SPEEK)

ENER Surfaces for energy production and harvesting

Jun Xing Leong 2, Wilson Agerico Difo **#, Azizan Ahmad>, Wan Ramli Wan Daud '*,
Hideaki Kasai”?

" Fuel Cell Institute, Universiti Kebangsaan Malaysia, 43600 UKM Bangi, Selangor, Malaysia;

2 Department of Applied Physics, Osaka University, Suita, Osaka 565-0871, Japan;

3 Center for Atomic and Molecular Technologies, Osaka University, Suita, Osaka 565-0871, Japan;

* Joining and Welding Research Institute, Osaka University, Ibaraki, Osaka 567-0047, Japan;

3 School of Chemical Sciences and Food Technology, Faculty of Science and Technology, Universiti
Kebangsaan Malaysia, 43600 UKM Bangi, Selangor, Malaysia;

¢ Department of Chemical and Process Engineering, Universiti Kebangsaan Malaysia, 43600 UKM Bangi,
Selangor, Malaysia;

7 Institute of Industrial Science, The University of Tokyo, Meguro, Tokyo 153-8505, Japan;

8 National Institute of Technology, Akashi College, Akashi, Hyogo 674-8501, Japan

We report results of our experimental and theoretical studies on the dynamics of proton conductivity
in Nafion® 117 and self-fabricated sulfonated polyether ether ketone (SPEEK) membranes. Knowing that
the presence of water molecules in the diffusion process results in a lower energy barrier, we determined
the diffusion barriers and corresponding tunneling probabilities of Nafion® 117 and SPEEK system using a
simple theoretical model that excludes the medium (water molecules) in the initial calculations. We then
propose an equation that relates the membrane conductivity to the tunneling probability. We recover
the effect of the medium by introducing a correction term into the proposed equation, which takes into
account the effect of the proton diffusion distance and the hydration level. We have also experimentally
verified that the proposed equation correctly explain the difference in conductivity between Nafion®
117 and SPEEK. We found that membranes that are to be operated in low hydration environments
(high temperatures) need to be designed with short diffusion distances to enhance and maintain high
conductivity.
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Single-molecule magnets (SMMs) are molecular coordination complexes which exhibit magnetic
bistability [1-3] manifested in the appearance of a magnetic hysteresis. They are attracting much interest
because of their potential for device applications in molecular spintronics or quantum computing. In
order to exploit them in such applications it is necessary to distribute the molecules, e.g., on a flat surface
[4,5] to make them addressable one-by-one. However, recent research has shown that the interaction
with the surface often suppresses the magnetic hysteresis, and in particular no significant remanence,
important for storage applications, has been observed in any surface-deposited SMM down to liquid-
helium temperatures. Here we show by scanning tunneling microscopy (Fig. 1a,b) and x-ray magnetic
circular dichroism that adding an ultrathin magnesia (MgO) film between TbPc2 molecules [3] and
the Ag(100) substrate leads to a record large magnetic hysteresis (Fig. 1c) [6] which is even enhanced
compared to the case of bulk molecules. In particular, for the first time a significant magnetic remanence
is observed. We attribute the strong hysteresis enhancement to the preservation of molecular symmetry
because of the weak adsorption, to the decelaration of spin-flip processes owing to the MgO tunnel
barrier as well as to the low phonon density of states at low energies in MgO.
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To improve the resolution of two-dimensional molecules adsorbed on metallic surfaces recorded by
STM, very thin electronic decoupling layers (i.e. NaCl, graphene, hexagonal boron nitride, transition
metal dichalcogenides or oxides [1,2,3]) between the metallic substrate and the molecule are used.
Thereby the direct coupling of the molecular states, i.e. originating from aromatic hydrocarbons, with the
electronic states of the metal surface is suppressed, giving rise to the orbital resolution with STM [4]. As an
alternative we present chemical decoupling by the adsorption of three-dimensional molecules directly
onto a metallic surfaces. The adsorption behavior and the exact geometry of single target molecules
on atomically flat surfaces of Pt(111) are investigated by LT-UHV-STM. For this purpose 2,7-Dibenzyl
1,4,5,8-naphthalenetetracarboxylic diimide (BNTCDI), which consists of a large pi-conjugated backbone
and two phenyl rings each connected with a methylene-linker to the central part, has been studied.
According to the high resolution STM images, the naphthoic diimide backbone of the molecule adsorbs
flat on the substrate while the two benzyl groups build one line together with the backbone and the
atomic nodal plane can be identified located at the C atoms of the phenyl rings. That points to phenyl
groups standing vertically on the substrate leading to a full electronic decoupling of the benzyl groups.
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Nanoparticles are of considerable interest, owing to their size-dependent properties, different from
those of bulk materials. For revealing internal atomic processes in them, individual nanoparticles of Cu-
Ag alloys were grown by direct current (DC) magnetron sputtering. Phase-separation during growth in
Cu-Ag particles was found to be size- and composition-dependent. Particles below 5 nm in diameter
grow as a solid solution of the components for all compositions (15-80 at% Ag). In the low Ag content
range (15 and 30 at% Ag) phase-separation occurs only for particles above 5 nm in diameter. The
separation into Cu-rich and Ag-rich domains, when observed, takes place by spinodal decomposition
for all particle sizes. In particles undergoing incomplete coalescence, phase-separation occurs even if the
diameter of the colliding particles is below 5 nm. In the higher Ag content range (60-80 at%), however,
no phase-separation is observed until coalescence sets in. Lattice parameter measurements in alloy
particles of 30 at% Ag revealed that the miscibility gap in individual particles varies between 70 and 90
at%. Calculation of the composition dependence of the critical length for spinodal decomposition based
on the Cahn-Hilliard theory provided quantitative explanation for the observed phenomena. [1] Besides,
computer simulations using the Stochastic Kinetic Mean Filed model (http://skmf.eu, open source) [2]
have also been performed which confirmed the results of the analytical calculations.
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Electrocatalysts are often highly complex nanomaterials, both with respect to their composition and
structure. In order to understand structure-property relationships in electrocatalysis, we follow a surface-
science-based model approach. Complex model catalysts are prepared and characterized under ultra-
high vacuum conditions and, subsequently, transferred to the electrochemical environment to study
electrocatalytic reaction.

In this work, we explore Pt nanoparticles (NPs) supported on a reducible oxide, a common approach in
heterogeneous catalysis that has also been transferred to electrocatalysis more recently.[1] We prepared
highly ordered thin films of Co,0,(111) on Ir(100) [2] under ultra-high-vacuum (UHV) conditions and
deposited Pt NPs by physical vapor deposition. The model systems were characterized with broad range
of surface science methods. Subsequently, the model systems were transferred from UHV into the spectro-
electrochemical cell and back without exposure to ambient conditions. As a test reaction, we used the
electrooxidation of CO which was monitored in-situ by electrochemical infrared-reflection absorption
spectroscopy (EC-IRRAS) in thin film configuration. All samples were characterized by low-energy
electron diffraction (LEED) and Auger electron spectroscopy (AES) before and after the electrochemical
experiments.

We identified a pH and potential window in which the Co,0,(111) film is stable in the electrochemical
environment. This allows us to explore potential-dependent differences in the CO site occupation on
the Pt/Co,0, model catalyst. The behavior was compared to that of a Pt(111) reference sample under
identical conditions. Specifically, we observed a strong suppression of bridging CO on Pt facets and
identify additional strongly bound CO at low coordinated Pt sites. The latter persists at the electrode up
to high electrode potentials. Additionally, we identify an electronic metal support interaction between
the Co,0,(111) support and the Pt particles, which leads to a suppression of CO adsorption for very small
Pt particles.
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In the case of gold catalysts, the most dramatic and well-known factors influencing the catalytic activity
are the size and shape of the nanoparticles. Control of the particle size is possible with a plenty of physical
(e.g.: evaporation, laser ablation) and chemical (e.g.: electro, photo- or colloid chemical) methods. On
gold evaporated Rh(111) surface we can count also with the “self-organization” of bimetallic layers. In
this case, nano-range ordering of the alloyed layer was detected by STM, where the lateral extension
of the uniform commensurate (2 x 1) domains was around 4 x 4 nm? [1]. The h-BN/Rh(111) system is
also interesting for size controlling due to the self-organized superstructure of boron nitride on a Rh(111)
surface described in [2-4].

In this study measurements performed in an UHV chamber equipped with facilities for Auger electron
spectroscopy (AES), high-resolution electron energy loss spectroscopy (HREELS) and temperature
-programmed desorption (TPD). STM, XPS and low energy ion scattering spectroscopy (LEIS)
measurements were carried out to characterize the gold nanoparticles on clean and BN covered Rh(111).
Our main purpose was to follow the effects of gold on the adsorption properties of acetaldehyde on
clean and h-BN nanomesh covered Rh(111). In our preliminary work we observed that the dissociation
reaction of ethanol stopped at formation of hydrogen and acetaldehyde on Au/h-BN/Rh(111). In contrast
to the behavior found for the substrate metal, we didn’t observe any sign of CO evolution. In our ongoing
study we followed the adsorption and reactions of acetaldehyde on Au/Rh(111) and Au/h-BN/Rh(111).
The product distribution showed a completely different picture in the case of clean and gold domain
covered Rh(111). This suggests that hollow and bridge sites on rhodium play an important role in the
dissociation process toward CO production, namely the production of carbon monoxide inhibited by the
gold domains. Our measurements with acetaldehyde on Au/h-BN/Rh(111) strengthened the observation
that the lack of possible adsorption sites eliminates the formation of CO. Nevertheless increased coverage
of gold enhanced the amount of adsorbed aldehyde at low temperature. This trend turned back at higher
gold coverage. The size of nanoparticles and possibly the charge on gold particles also influenced the
position of the CO HREELS peak after adsorption of CO on Au/h-BN/Rh(111).
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X-ray Photoelectron Spectroscopy (XPS) investigations of the liquid/ultra-high vacuum (UHV) interface
have been of fundamental interest for several decades [1]. In these and subsequent studies, charging was
observed and XP spectra were commonly referenced to the C 1s line [2]. lonic liquids (IL) are particularly
interesting to study as their negligible vapor pressure allows for XPS measurements without need of
complex experimental setups. Again charging was reported to occur and the C 1s line of aliphatic chains
was suggested to be used as internal reference [3].

Weingarth et al. developed an in situ electrochemical (EC) XPS cell and followed charging phenomena
by recording the open circuit potential (OCP) under X-ray illumination using a twin anode [4]. It is well
established that the OCP reflects the potential difference between an electrode and an electrolyte. In
electrochemical equilibrium the OCP is constant, however, expected to change if physical or chemical
properties of the two phases are changed.

Conversely, BE measurements may allow for determination of the OCP in one half-cell if significant
charging of the IL caused by the X-ray induced photoemission can be excluded in course of the
measurement. Since significant charging could not be observed by means of in situ EC XPS using a small
spot monochromatic X-ray source directed to the bulk of the IL [5], we have further investigated double
layer phenomena by means of XPS using a mono source. Recorded core level data of [EMIM][TFSI] on
different substrates before and after 4h of irradiation indicates that significant charging does not occur
in course of the measurement. Binding energies, however, were found to vary by 0.4 eV among the used
substrates, thus confirming that the potential drop at the substrate/IL interface determines the OCP and
therewith the BE values measured at the IL/UHV interface.

In the course of the presentation, recent XPS data of IL/UHV interfaces will be presented and elucidated
by means of existing literature.
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The development of new functional materials is transforming many technological areas of great interest
from electronics and catalysis to detection and bio-sensing. Pivotal to these advancements is surface
alloying and self-organisation phenomena, driven by surface stress and elastic interactions in metals.
Much has been explored experimentally in Ultra-High Vacuum and theoretically, however in terms of
practical applications, little has been done. Electrochemistry is the ideal science to exploit the chemistry
and physics of such functional materials. In general, alloying between two surfaces is driven by negative
enthalpy of mixing and the lowering of surface free energy. Nevertheless, it can be observed even in
systems where alloying does not occur in the bulk phase when confined to a few surface layers.

The Au(111)/Pb underpotential deposition (UPD) system has been intensively studied using multiple
techniques including STM, AFM and surface X-ray surface diffraction . The rotated hexagonally close
packed incommensurate formed on the surface can be considered a model UPD system. However, during
the stripping of the UPD layer studies have been inconsistent. STM studies conducted by Green et al.[1]
and later by Naturiya et al.[2] found suggestions of Au/Pb alloying evidenced by damage to the Au(111)
surface layer after stripping of the Pb UPD structure. Nevertheless, other studies were unable to detect
such evidence.

In this talk in-situ X-ray scattering studies of the formation of a Pb-Au(111) surface alloy will be presented.
For this system, the alloy was prepared in the electrochemical environment and resonant x-ray scattering
methods were utilised to identify the onset of surface alloying and correlate the changes in surface stress
with the out of plane surface structure. A brief comparison with other surface alloy systems will be given.
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Perovskite oxides are widely used and studied materials for enabling oxygen reduction and evolution
reactions, which limit the efficiency of energy conversion technologies, including fuel cells, electrolyzers
and photo-/electrochemical water splitting. In solid-state electrochemistry, most often the reactivity on
perovskite oxides is interpreted in terms of the availability of surface oxygen vacancies, or the ease of
electron transfer. Intriguingly, none of these standard reactivity models consider the role of the precise
atomic structure of surfaces.

In the present contribution, | will show that the surface atomic structure can play a crucial role in affecting
oxygen exchange on the prototypical perovskite SITiO, [1]. In doing so, we take advantage of our ability
to reproducibly and reversibly prepare SITiO,(110) with several different surface phases, by adjusting the
chemical potential of Sr and Ti [2,3]. All the structures are based on families with (n x 1) and (2 x m)
symmetries, with their surface layers composed of tetrahedrally-, and octahedrally-coordinated Ti atoms,
respectively [4,5]. Using a host of surface science techniques (STM, LEED, XPS, etc.) we find that these
structures are remarkably stable under realistic conditions for oxygen-exchange reactions. The '*0O
exchange was quantified with two different ion-based spectroscopy techniques, which revealed that the
reactivity of these two reconstructions differs by a factor of three.

From DFT calculations and electron spectroscopic measurements we rule out that this difference is
due to oxygen vacancies or the variations in work function or surface potential, that would affect the
availability of electrons on this material. Instead we find that the interaction with molecular oxygen is
determined by the structural details of the surface: Our results reveal the polyhedral flexibility up to the
ideal coordination limit as an important and new factor that governs the surface reactivity to oxygen
exchange reactions on perovskite oxides [1].
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Graphene is a zero-gap semiconductor and its low-energy m-state is characterized by electron-
hole symmetry and linear conduction and valence bands within the nearest-neighbor tight-binding
approximation. The thickness on the atomic scale, high carrier mobility, high thermal conductivity, and
ambipolar transfer characteristics make graphene attractive for many electronic applications. However,
despite its outstanding properties, one of the hurdles for graphene to be useful as an electronic material
is the lack of an electronic gap. One of the ways to open a gap in its electronic spectra is to reduce the
width of the graphene [1]. Recent advances in surface chemical reactions allows us to precisely prepare
graphene with nanosized widths called graphene nanoribbons (GNRs) [2]. Despite the development of the
synthetic method for GNRs, its transport property remains largely unexplored due to the lack of appropriate
technology platform to make electronic contact with individual GNRs and measure its electric current.
Here, we present single-molecule transport study on GNRs using scanning tunneling microcopy-based
break junction (STM-BJ [3]) technique. The GNRs were prepared by surface assisted polymerization
of halogenated acene derivatives on Au(111) 2 (Fig. 1a,b). STM-BJ measurements on individual GNRs
revealed that single-molecule junctions were formed between the Au surface and the Au-STM tip, and
the individual GNRs were highly conductive (Fig. 1c). Length analysis of the GNRs indicates that prepared
molecular junctions correspond to dimmer and tetramer of the precursors (Fig. 1d). In summary, the
STM-BJ method was applied to clarify the transport property of individual GNRs. Based on the statistical
analysis of the single-molecule conductance and the molecular length, it is shown that the individual GNRs
consisting of dimer and tetramer of the precursor are highly conductive with the electronic conductance
of 0.1 and 0.4 GO (GO = 2e2/h).
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Figure 1. (a) Precursor of GNR (Acene derivative) (b) Dimer of the precursor (c,d) Histograms of single-
molecule conductance and molecular length of GNRs (V = 200 mV, 16000 spectra).
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Cu-Ni alloy is an ubiquitous material and it is employed extensively as coinages and pipings known as
cupronickel. It has a fcc structure with any fraction of constituents, i.e., an all proportional solid solution.
However, the mixing energy for Cuimpurity in bulk Niand vice versa are positive, indicating potential phase

separationofconstituentelementsatlowtemperatures,known
as spinodal decomposition. Of course for bulk alloys marginal
diffusion at low temperatures prohibits the decomposition
and no clear evidence of the phase separation was reported
so far. For surface alloys enhancement of diffusion due to the
lower coordination of surface atoms would promote diffusion
even at low temperatures and the phase separation will
take place. In addition, because individual Cu and Ni can be
discriminated by scanning tunneling microscopy (STM),[1] the
phase separation would be unambiguously observed. Here
we report a positive correlation of Cu and Ni within the [1-10]
row in the two-dimensional alloy on the Ni(110) surface and it
is a direct evidence of the positive mixing energy between Cu
and Ni even for the surface atoms.

Two-dimensional Cu-Ni alloy films were grown by depositing
Cu on the Ni(110) surface at moderate temperatures that
displaces substrate Ni with impinged Cu and Cu was instead
embedded into the top surface layer. No island formation
nor bulk diffusion were seen. An STM observation such as
shown in Fig. 1 clearly demonstrates individual Cu and Ni as
dark and bright sites, respectively. By counting the nearby Cu
and Ni for distances up to 10 units cells we could extract the
correlation lengths. For the [001] direction no correlation was
found, whereas for the close packed [1-10] direction apparent
positive correlation was seen and it is depicted in Fig. 2 for Cu.
Our results can be compared with the one-dimensional Ising
model. From the exact solution of the site correlation as an
exchange energy for 1/2 Ising spin, we could draw the Cu-Cu
energy of 15.7 meV at the Cu coverage of 0.5.

References:

[11 T. Fukuda, K. Iwamoto, H. Nakayama, and K. Umezawa,
Phys. Rev. B 78, 195422 (2008).

Fig. 1 A typical Cu deposited Ni(110)
surface. Cu coverage is 0.49 ML,
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Fig. 2 Site correlation for Cu along the
[1 -1 0] direction. Cu coverage is 0.49
ML.
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To investigate stochastic processes on atomic scale, one possible simulation method is the Stochastic
Kinetic Mean Field (SKMF) model, which technique is based on the mean-field approach [1]. We introduced
a dynamic Langevin noise to make it capable to study processes, such as phase separation and spinodal
decomposition. [2,3] Phase separation have been studied in bimetallic Ag-Cu alloy hemispherical
particles [4]. The spontaneous formation of two-phase nanoparticles is size- and composition-
dependent. Computer simulations by SKMF model confirmed the size-dependency and reproduced the
experimentally observed internal structure of the particles. [5]
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Nanoparticles with diameters below 100nm exhibit properties which differ from that of macroscopic
objects. One important reason for this behavior is due to the high ratio of surface-to-volume atoms.
Additionally, most of the properties of nanoparticles significantly depend on their size. For the
corrresponding determination it is therefore essential to work with size-selected particles. For alloy
systems the stoichiometry also plays an important role.

For any technological application nanoparticles have to embedded into a matrix or deposited on a
surface. Generally, a subsequent tempering occurs during the preparation of devices. Due to that reason
it is important to know the changes of the nanoparticles’ properties like shape induced by the heating
process.

In this contribution we report on the temperature dependent shape of size-selected deposited
nanoparticles consisting of different stoichiometries of the 3d metals Fe, Co, and Ni. This investigation
is carried out by STM. The larger nanoparticles are produced by an arc cluster ion source (ACIS) and
mass-filtered by an electrostatic quadrupole. These particles exhibit diameters from 5 to 15 nm. Smaller
particles are prepared by a magnetron sputter source and are mass-selected using a quadrupole mass
filter. All nanoparticles are prepared and deposited under UHV and softlanding conditions on a W(110)
surface. Therefore, oxidation and contamination are avoided. Subsequently, they are tempered in situ by
a resistive heater integrated in the manipulator. The heating process is varied in final temperature and
time. The melting point itself and processes near that temperature are found to depend on the clusters’
diameter and the material components inside the particles. The influence of the anisotropy of the W(110)
surface also plays an important role.

Two examples are shown in the Figure below. The left one demonstrates the shape after the heating
process of Fe50C050 nanoparticles. It is evident that in this case an uniaxial anisotropy of the melted
particles occurs. The right image shows the result after heating Fe50Ni50 particles. Now, a rather different
result can be observed with a nearly isotropic melting behavior.




27 AUG - 1 SEP 2017
SZEGED, HUNGARY

A& ecoss 33 ORAL PRESENTATIONS

Tue-16:00-0-ORGS
Site selective, reversible Diels-Alder reaction between polycyclic conjugated
molecules and DB dimers on Ge(001):H

ORGS Organic molecules on solid surfaces

Szymon Godlewski', Marek Kolmer', Mads Engelund?, Hiroyo Kawai?, Rafal Zuzak',
Aran Garcia-Lekue®, Antonio Echavaren?, Diego Pefa®, Dolores Pérez®, Enrique Guitidn®,
Christian Joachim’, Daniel Sanchez-Portal %, Mark Saeys 8, Marek Szymonski'

"Centre for Nanometer-Scale Science and Advanced Materials, NANOSAM, Faculty of Physics, Astronomy and
Applied Computer Science, Jagiellonian University, tojasiewicza 11, PL 30-348 Krakow, Poland;

2 Centro de Fisica de Materiales CSIC-UPV/EHU, Paseo Manual de Lardizabal 5, E-20018, Donostia-San Sebastian,
Spain;

3 Institute of Materials Research and Engineering, 2 Fusionopolis Way, Innovis, #08-03, Singapore 138634,
Singapore. E-mail: kawaih@imre.a-star.edu.sg;

* Donostia International Physics Center, Paseo Manual de Lardizabal 4, 20018, Donostia-San Sebastian, Spain;

3 Institute of Chemical Research of Catalonia (ICIQ), Av. Paisos Catalans 16, 43007 Tarragona, Spain;

¢ Centro Singular de Investigacion en Quimica Bioldxica e Materiais Moleculares (CiQUS) C/ Jenaro de la Fuente
s/n Campus Vida, Universidad de Santiago de Compostela, 15782 Santiago de Compostela, Spain;

7 Nanosciences Group & MANA Satellite, CEMES-CNRS, 29 rue Jeanne Marvig, F-31055 Toulouse, France;
International Center for Materials Nanoarchitectonics (MANA), National Institute for Materials Science (NIMS), 1-1
Namiki, Tsukuba, Ibaraki 305-0044, Japan;

& Laboratory for Chemical Technology, Ghent University, Technologiepark 914, 9052 Ghent, Belgium

In recent years the on-surface, local chemistry attracts growing attention, inspired by the interest in
fundamental processes occurring on surfaces, as well as by potential technological applications. In particular,
the controlled and reversible bonding between single molecules and atoms could be advantageous in
construction of prototypical molecular switches, rotors and electronic circuits. To control the electronic
properties of organic species the isolation from the underlying substrate is required. This could be achieved
by application of passivated surfaces that enable retention of originally designed properties [1-3].

Hydrogen passivated silicon and germanium surfaces are of particular interest enabling creation of atomic
scale defects — hydrogen vacancies that could interact with organic molecules and form artificial wiring [4-
5]. In the presentation we will demonstrate reversible Diels-Alder attachment of prototypical three-branch
conjugated molecules to paired surface dangling bonds. We will show that molecules initially undergo the [4+2]
cycloaddition forming chemical bonds with the unsaturated surface dangling bonds [6].

Further, it will be discussed that the bonds could be broken and restored using the low temperature scanning
tunnelling microscope. We will demonstrate that at low temperature the molecules located on surface
dangling bonds could be switched between the chemisorbed configuration and the physisorbed one held
by van der Waals interactions only. Interestingly, the molecules adsorbed in the latter configuration could
be controllably switched rotationally with the STM tip, which constitutes the first molecular switch on a
passivated surface [7]. Further it will be shown that by tuning the structure of the molecules the attachment
geometry could be controlled with high selectivity. Finally we will introduce prospects for utilization of the
control over connecting individual molecules with surface single atoms.

This research was supported by the National Science Centre, Poland (contract no. UMO-2014/15/D/ST3/02975)
and the 7th Framework Programme of the European Union Collaborative Project PAMS (contract no.610446).
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Interfaces between molecular organic semiconductors and metallic electrodes play a crucial role in
the performance of organic electronic devices [1]. The understanding of their chemical, electronic and
geometric structure is indispensable for the control of key parameters such as charge injection rates,
which need to be optimized for the further rational development of organic electronics. Accordingly,
model metal/organic interfaces with aromatic molecules have been a major research topic during
the past decade. Up to now, the focus has been on aromatic systems with alternant topology such as
pentacene. They typically have a uniform charge distribution and highly delocalized frontier orbitals. In
contrast, aromatic systems with non-alternant topology have non-uniform charge distributions, which
can result in considerable in-plane dipole moments, and more localized frontier orbitals. They also violate
the Coulson-Rushbrooke pairing theorem and thus have shifted valence levels compared to isomers
with alternant topology. Here, we present the first systematic surface-science studies of a non-alternant
aromatic molecule. In particular, we focus on bicyclo[5.3.0]decapentaene (azulene) as the non-alternant
counterpart of naphthalene on Cu(111) and Ag(111). On the basis of extensive NEXAFS, PES, TPD, nc-AFM
and STM data, we show that the non-alternant topology results in much stronger and more localized
interaction with metal surfaces, especially in the case of Cu(111). Complementary periodic DFT calculations
provide insight into the surface chemical bond and charge redistribution between surface and molecule.
A major part of the localized interaction is the donation of electron density into the molecular LUMO.
This leads to in-plane and out-of-plane deformations of the adsorbed non-alternant system, while the
alternant isomer is less distorted.
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MoS, nanoclusters compose the active phase of the hydrodesulfurization catalyst which enables sulfur
removal from crude oil. New legislations on sulfur impurity levels in diesel in EU and US demands still
lower sulfur content which increases the requirements for even more effective catalyst. The key to
increase the catalytic activity is to understand the catalytic mechanism which has been the subject of
extensive studies during the preceding decades.

Scanning tunneling microscopy (STM) is an outstanding tool for investigating atomic scale morphology
of MoS, based nanoclusters in model systems under ultra-high vacuum (UHV) conditions. Under real
catalytic conditions, however, the catalyst functions under high temperatures and high pressure of
H, (300-400 °C, 50-100 bar), conditions which rules out the usage of any scientific characterization
technique on the working industrial catalyst. This leaves us with some open questions: Is the structure of
the nanoclusters observed under UHV in fact representative for real catalyst under the industrial working
conditions? Does the edge structure, stoichiometry or even the entire particle shape change under these
reductive conditions?

In this study we report STM studies of structural changes of a model system of Au-supported MoS,
nanoparticles(1) after exposure to a post-synthesis anneal in a H, atmosphere of 10-4 mbar at 400 °C
to mimic the conditions present in the real catalyst. In spite of the still relatively low pressure these
conditions turn out to be sufficient for the implementation of interesting morphology changes. Through
atomic resolved STM images we find that the reductive conditions indeed change the equilibrium shape
of the triangular MoS, nanocluster into a truncated triangular to hexagonal shape, introducing a new
edge termination (S-edge) to the cluster. This suggests that the S-edge is relatively more stable under
reductive conditions resulting in a post-synthesis change in cluster shape. Furthermore the original shape
can be partly restored by subsequent H,S anneal.

In addition we study Co promoted MoS,-based nanoclusters (CoMoS) under same conditions. CoMoS
is the catalytic active phase used in the industry as it is more catalytic active than pure MoS,. The
as-synthesized hexagonal CoMoS nanoclusters shows no clear change of shape from the H, anneal,
however the appearance of the S-edge of the CoMoS nanocluster changes drastic which is addressed
to partial removal of sulfur from the S-edge(2). Catalytically this is a very interesting observation as such
reduced edges contain more coordinatively unsaturated sites which are believed to play an essential role
for the catalytic activity.

Our study hereby reveals the occurrence of interesting changes of cluster morphology under hydrogen
exposure at elevated temperature. These changes may be crucial for a correct description of the catalytic
mechanism.
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The atomic-scale structure of a catalyst under reaction conditions determines its activity, selectivity, and
stability. Recently it has become clear that essential differences can exist between the behavior of catalysts
under industrial conditions (high pressure and temperature) and the (ultra)high vacuum conditions of
traditional laboratory experiments. Differences in structure, composition, reaction mechanism, activity,
and selectivity have been observed. These observations indicated the presence of the so-called pressure
gap, and made it clear that meaningful results can only be obtained at high pressures and temperatures.
However, most of the techniques traditionally used to study catalysts and their reactions were designed
to operate under (ultra)high vacuum conditions. To bridge the pressure gap, the last years have seen a
tremendous effort in designing new instruments and adapting existing ones to be able to investigate
catalysts in situ under industrially relevant conditions.

In this talk, | will give an overview of the in situ imaging techniques we use to study the structure of
model catalysts under industrial conditions of atmospheric pressures and elevated temperatures. We
have developed set-ups that combine an ultrahigh vacuum environment for model catalyst preparation
and characterization with a high-pressure flow reactor cell, integrated with either a scanning tunneling
microscope or an atomic force microscope. With these set-ups we are able to perform atomic-scale
investigations of well-defined model catalysts under industrial conditions. Additionally, we combine
the structural information from scanning probe microscopy with time-resolved mass spectrometry
measurements on the gas mixture that leaves the reactor. In this way, we can correlate structural changes
of the catalyst due to the gas composition with its catalytic performance. Furthermore, we use other
in situ imaging techniques such as transmission electron microscopy, surface X-ray diffraction, and optical
microscopy, all combined with mass spectrometry.

This talk highlights a short overview of the instruments we developed and illustrates their performance
with results obtained for different model catalysts and reactions. As a proof of principle, results for the
fruit fly of surface science, i.e. CO oxidation, will be shown. But additionally, results for more complex
reactions such as NO oxidation and reduction, Fischer-Tropsch synthesis, and hydrodesulphurization will
be discussed.
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In the light of the increasing CO, levels in the atmosphere and its relation to global warming, an interest to
achieve a carbon-neutral society has risen. A promising approach for this is to recycle CO, instead of releasing
it into the atmosphere. Due to the inertness of CO,, this is a rather difficult task, but already today, industrial
production of methanol is performed over Cu-based catalysts with CO, as the main source of carbon. However,
as for many other catalytic reactions, the fundamental knowledge about this process is limited. The present
contribution will discuss the interaction of CO, with Cu(100). We observe Cu oxide formation as we expose the
Cu(100) surface to CO,, indicating the CO, dissociate and desorb as CO, leaving atomic oxygen at the surface.
We see a change of the CO, dissociation as the oxygen coverage approach 0.25 ML.

We will present a combined APXPS and DFT study of dissociative adsorption of CO, onCu(100) and compare
the resulting structures with those formed by exposure to O,. We have followed the evolution of the O 1s
signal in situ as the surface was exposed to 300 mTorr CO, at sample temperatures of 100°C and 200°C. At
lower exposures, a peak towards lower binding energy is observed. As the exposure is increased a new
component at higher binding energy is observed, which increases in intensity while the low binding energy
component gradually disappears. We assume that the difference in binding energy comes from a change
in adsorption site for the surface oxygen. If Cu(100) is exposed to O,, the oxygen will adsorb at the four-fold
hollow sites at low coverage'. At an increasing coverage, however, this surface becomes unstable, and the
will gradually reconstruct into a (2/2xy/2)R45° missing-row structure, where every fourth Cu row in either
[010] or [001] direction is removed from the surface layer'. This structure is complete at a coverage of 0.5 ML.
For XPS, it has previously been found that the O 1s peak, corresponding to chemisorbed O, shifts gradually
towards higher binding energy with increasing oxygen coverage. This is interpreted as different adsorption
geometries of the oxygen in the reconstructed and unreconstructed surface?. By comparing the oxidation
with CO, and O,, we propose that the origin of the growth of the higher binding energy component is that
the oxygen atoms changes from being 4-fold to 3-fold coordinated to Cu atoms.

For the adsorption process, we see a decrease in the oxygen uptake adsorption rate as the coverage
approaches 0.25 ML. Our DFT results suggest that CO, can adsorb and dissociate on the clean surface, but
not on the (2x2) structure, which is the most stable structure at an O coverage of 0.25 ML. This disagrees
with our experimental results, where the saturation coverage is 0.5 ML. However, the CO, can dissociate at
a coverage above 0.25 ML if there are patches of oxygen deficient copper surface, which could be realized
by oxygen clusters of a denser c(2x2) structure and oxygen deficient regions in-between. B. Eren, et. al.,
observe a similar phenomenon, at room temperature, as they saw that at ~1/3 ML the surface becomes
poisoned by the atomic oxygen on the surface?.
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Theimage potential states (IPSs) characterized by a Rydberg series of unoccupied states appear universally
on metal surfaces. In particular, the IPSs induced on graphene play an essential role in the emergence of
interlayer states with a nearly-free-electron feature in a variety of graphitic materials such as graphite, car-
bon nanotube bundles and C60 fullerite solids. Here we theoretically demonstrate that the concept of the
IPS-derived interlayer states is also applicable to the problems of molecular adsorption on solid surfaces,
taking naphthalene on graphene as an example. Experimentally, the adsorption of naphthalene on high-
ly oriented pyrolytic graphite (HOPG) has been investigated intensively thus far. Recent scanning tunne-
ling microscopy (STM) measurements have revealed that the adsorbed naphthalene form a well-ordered
superstructure, in which each molecule is tilted with respect to the surface [1]. Moreover, the results of
angle-resolved two-photon photoemission spectroscopy suggest that the naphthalene adsorption has
little influence on the transport properties of the lowest IPS [2]. To elucidate the origin of these peculiar
behaviors, we investigate the geometrical and electronic structures of naphthalene on graphene from
first principles using the van der Waals density functional method [3]. We show that the naphthalene
molecules are stabilized by forming a superstructure with the 2v/3x2+/3 periodicity and a tilted adsorption
structure, in good agreement with the STM results on HOPG. More intriguingly, our results predict that
intermolecular interaction induces IPS-like states on the naphthalene overlayer, which are quite analo-
gous to the graphene IPSs. In the adsorbed system, the naphthalene IPSs hybridize with the IPSs derived
from graphene to form inter-

layer states with anisotropic ef- r M, K, i

fective mass reflecting the mo- 4 R

lecular structure of adsorbed
naphthalene. By using STM
simulations, we also show that

one of the hybrid IPSs manifest 2
itself as a set of oval protru- e
sions in the STM image, which L‘IJ
is similar to an experimental &3]
result on HOPG previously at- |k
tributed to the LUMO of naph-
thalene [1].
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Tue-17:00-0-OXID
Low temperature CO oxidation catalyzed by iron oxide nanoparticles decorating
internal part of mesoporous alumina bead

OXID Oxide surfaces and ultrathin oxide films
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Using a chemical vapor deposition method with regulated sample temperatures under atmospheric
conditions, we were able to deposit iron oxide nanoparticles with a lateral size of less than 1 nm at the
internal part of a mesoporous AlLO, bead (size of ~ 1 mm). The iron oxide-deposited Al O, catalyst showed
a CO oxidation activity even at room temperature. This catalyst did not show significant deactivation at
100 °C with increasing reaction time. and the catalyst showed high activity for CO oxidation even after
harsh thermal treatment at ~900 °C, (i.e., the structure of the catalysts could be maintained under very
harsh treatment conditions). We show that our catalysts have the potential for application as oxidation
catalysts in industrial processes due to the simplicity of their fabrication process as well as the high and
stable catalytic performance.
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In-situ X-ray scattering: nano-structured aluminum oxides

ELCH Electrochemistry at surfaces
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Traditional surface science studies have been quite successful in determining several surface structures
for alumina films, in particular those grown on NiAl, where the bulk structure consists of a combination
of several building blocks but the surface Al atoms are found to occupy sites with either tetrahedral or
pyramidal coordination [1]. However, the naturally forming ‘native oxide’ layers are found to be largely
amorphous. The thickness of these layers can be increased electrochemically, i.e. by the industrial process
of anodization, and to some extent the degree of crystallinity found depends on the applied voltage [2].
This type of oxide layer is called an anodic barrier layer and forms in neutral type electrolytes. In acidic
electrolytes a porous oxide film is found, in which case the oxide has many nanometer sized pores, the
basis for most industrial aluminum coloring. Furthermore, under certain conditions these pores are found
to be self-ordering [3]. They form hexagonal arrays and the pore diameter can be tuned by changes in
potential, making excellent nanoscale templates.

We have investigated the formation and self-ordering behavior of porous type anodic alumina films in
situ, using Grazing Transmission Small-Angle X-Ray Scattering (GTSAXS). We observe the that the in-plane
arrangement of the nanopores is independent of substrate crystallographic orientation whereas the oxide
growth rate is not. The self-ordering behavior is studied in a variety of electrolytes and at several potentials
in-order to explore the dynamics of self-ordering both below and above the breakdown potential (UB) at
which the optimal ordering is achieved [4]. It is also possible to follow the chemical etching of the oxide
(pore widening) and subsequent metal deposition within the nanopores. This experimental approach
can be applied to the study of a large variety of electrochemically produced materials such as magnetic
nanowires, novel solar cell designs and catalysts.
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Fig. 1: Time evolution of the GTSAXS pattern during a second anodization of a Al(100) substrate aluminum.
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Tue-17:20-0-ORGS
Graphene functionalized with electron acceptor molecules

ORGS Organic molecules on solid surfaces
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Graphene exhibits exceptional electronic, thermal and mechanical properties. The control of its physical
properties is a major challenge for the realization of future graphene based components. In this context,
the functionalization with organic molecules has gained considerable attention. This functionalization can
be covalent or non-covalent. The latter is based on the interaction between the pi-electrons of graphene
and physisorbed molecules. In that context, electron acceptor and electron donor molecules have been
studied as they are expected to lead to a tunable electronic doping of graphene. The molecule/graphene
interaction is driven by the electronic interaction but also the structural orientation and organization of
the molecule. The extent of pi-interaction between graphene and the guest molecule depends on the
nature of substrate underneath graphene, inter-molecule interaction energy, surface morphology and
defects present within.

Here, we study a model system of an electron acceptor type molecule (F4-TCNQ) on multilayer graphene
grown on Silicon Carbide. We use scanning tunneling microscopy and spectroscopy at 5 K under ultra-
high vacuum conditions to systematically study the coverage dependence of the assembly of molecules
on graphene as well as their electronic energy levels. Despite a weak molecule-graphene interaction,
series of experiments performed with different amounts of molecule coverage suggest an influence
of the surface structure (moiré, defects) on the molecular arrangement. Moreover, scanning tunneling
spectroscopy (STS) reveal a shifting of the energy levels for the molecular states depending on the local
organization and inter-molecule interaction.
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Thu-14:20-O-CATH @
Combining high energy X-Ray diffraction techniques with LASER-induced
fluorescence in operando catalysis

CATH Catalytic 2D-model studies under high pressures
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Catalysts are widely employed in fuel cells, vehicle exhaust control systems and chemical industry.
To improve their performance, the interplay between catalyst structure, the surrounding gas phase and
catalytic activity needs to be understood.

High Energy Surface X-Ray Diffraction (HESXRD) is a powerful technique that allows for studying the
catalyst structure during reaction conditions with sub-second time resolution [1, 2]. Planar Laser Induced
Fluorescence (PLIF), on the other hand, yields direct information on the gas composition close to the
catalyst surface and hence spatially resolves its catalytic activity [3]. In previous experiments we have
successfully combined HESXRD and PLIF, but were greatly limited in parameter space due to the alignment
sensitivity of HESXRD, which makes the combination of both techniques difficult and a ramping of
temperature — an essential variable to vary when mimicking realistic reaction conditions — impossible.
Transmission Surface Diffraction (TSD) is a novel
and promising operando technique which provides
with um spatial resolution information on sample
structures in a LEED-like manner [4]. Besides, its
reduced sensitivity to sample alignment makes it
very attractive for its combination with PLIF, which
will allow the direct correlation between catalyst
structure and catalytic activity also during harsh
reaction conditions.

Here we present the first data obtained from TSD
during catalytic CO oxidation on model catalyst
systems. We compare them to previous results
obtained from HESXRD and discuss future possibilities
arising from the combination of TSD and PLIF.
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Tue-10:00-O-CORR @
H adsorption studies on the Zr(0001) surface

CORR Corrosion at atomic level
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Atomically resolved STM (Scanning Tunneling Microscopy) and PES (Photoelectron Spectroscopy) were
applied to study a surface of the Zr(0001) single crystal and its interaction with H. Zirconium is used as a
getter,for hydrogen storage orin corrosionresistantalloysin nuclearreactors

where a failure mechanism was found directly related to the presence of H. iR

To develop new protective coatings of claddings, the knowledge of the ZrH P00y
interaction is the crucial step for theory, data interpretation and technology. Smeely A

A limited work is reported on well-defined Zr/H systems due to high affinity /

of Zr to many gases and other contaminants. Thus, examination of a Zr-H '
surface under controlled conditions is quite difficult.

In our work, the Zr surface was cleaned with repeating ion bombardment
and annealing at 750 °C in UHV conditions. LEED (Low Energy Electron
Diffraction) shows simple (1x1) patterns and the Zr 3d peak at 179.1 eV (A
in Fig.1a) exhibits a shoulder shifted ~ 0.3 eV to higher BE (Binding Energy).
STM images display a high density of steps at terraces ~ 1 um in diameter.

The surface was unstable, full of moving objects. By the minutes, the X -
shoulder is replaced with a new peak B at higher BE (0.6 eV) and the surface | bjshr 10 hous o
becomes more stable.

intensity [arbitrary units]

The surface was exposed to H2 gas and the Zr 3d peak was monitored. //
Typically, two new peaks were identified: B and C at 1.4 eV higher BE (Fig.1b). e IR\
Repeating H exposure, the ratio between the peaks was not reproduced. " Gindingenergy V]
We selected the B peak intensity as a normalisation factor. Fig. 1 also shows

spectra acquired at the beginning and at the end of the 10 hours aging Fig.2 PES valence band
experiment for both surfaces. The clean surface is typical with the metallic s g

peak A and the shoulder originating from surface steps and defects. BE of
the shoulder gradually moves to the B peak value interpreted as diffusion
of H stored in the bulk to the surface region.

H adsorption produces significant increase of B and C peaks. We suggest
that C is due to Zr H bond. With increasing time, the H from Zr H dissolves
in the bulk (decrease of C) forming a solid solution reflected with increase
of B. It coincides with the increase of A intensity.

The hydrogen content of this probed region is strongly influenced with
adsorption of a small amount of Si that erases any signal connected with H.
Fig. 2 demonstrates the disappearance of the H induced feature from the
valence band of the Zr(0001)-1x1 surface with adsorption of 0.5 ML of Si in
a new structure 2v/3x2v/3. Concurrently, B and C peaks are fully suppressed
in the Zr 3d peak envelope.

Zr-Si(2V3x2V3)R30°
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On-surface transmetalation of Fe-porphyrin network on Au(111)

ORGS Organic molecules on solid surfaces
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* Swiss Federal Institute of Technology Zurich, 8093 Ziirich, Switzerland;

3 Ecole Polytéchnique Fédérale de Lausanne, 1015 Lausanne, Switzerland

Porphyrins are a widely studied molecular class offering a tremendous range of functions in diverse
domains such as biologic systems and technologically relevant devices. In particular the metalated state
is a suitable building block for nanomaterials used for applications in the fields of catalysis, sensors and
(opto)electronics. The metal-organic complex offers a multiplicity of functional groups and metal centers
resulting in a large tool box for steering the electronic structure commensurate to the needs of the
application. Especially its reactivity, stability and convertibility make it a promising molecule for the use
as electrocatalyst.[1,2] On-surface metalation is a routinely used synthesis to create metalloporphyrins
under vacuum conditions at the vacuum/solid interface. The predominantly discussed cation insertion
into free-base porphyrins at surfaces has recently be extended to metal exchange reactions. Two studies
describe the replacement of Ni and Co by Cu, which is supplied through the adatom gas on the copper
surface, in ultra-high vacuum.[3,4] A third study describes the exchange at the solid/liquid interface, in
which Zn is replaced by Cu.[5]

X-rays

{TLL

Here we investigate a self-assembled porphyrin network on Au(111). The utilized metalloporphyrin
chelates either Fe or Cu in the tetrapyrrole ring and was functionalized by either phenyl or pyridyl groups
at the periphery. In a second step cobalt is sublimed onto the network at room temperature. The effect of
cobalt deposition on topography and electronic structure is studied by scanning tunneling microscopy
(STM) supported by scanning tunneling spectroscopy (STS) and x-ray absorption spectroscopy (XAS).
The topography remains almost unchanged while the electronic structure of the metal centers changes
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dramatically. Sublimation of Co spontaneously substitutes Fe/Cu and occupies its place in the tetrapyrrole
ring on the Au(111) surface explaining the strong change of the electronic structure. Transmetalation
upon cobalt deposition occurs partially in both the phenyl and pyridyl functionalized porphyrin network.
The second metal atom is deposited in an active way in contrast to the two published studies making
use of the adatom gas of Cu(111) and annealing temperatures to initiate the substitution reaction.[3,4] The
back reaction, Co substitution by additionally sublimed Fe is not observed. Transmetalation mechanisms
are well-studied in solution but are hardly transferable to on-surface metalloporphyrins due to reduced
flexibility. We are proposing a SE2-like transmetalation mechanism involving a cis-transition state
involving both metal centers.
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Thu-9:00-O-MOLA
Arginine on Cu(110): several adsorption configurations for a single molecule

MOLA Ultrathin two-dimensional molecular self-assembly
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The investigation on thin films of biomolecules deposited on metal single crystal surfaces is a key point
in the design of biocompatible innovative materials. Studies of amino acids adsorption on metallic single
crystals are relevant model studies to understand interfacial processes with occurrence of complex
adsorption mechanisms and geometries.

Arginine is an amino acid characterized by a 3-aliphatic carbon side chain and a guanidinium functional
group (HNC(NH2),). Our interest in arginine is motivated by its presence in the tri-peptide RGD (arginine-
glycine-aspartic acid), known in the context of biotechnologies for its capacity to promote cell adhesion
or other peptides sequences for specific molecular recognition or cell interactions. Therefore RGD is
often currently employed for biomaterials functionalization. With the intention of realizing a complete
characterization of RGD on a copper surface, we started from the study of the adsorption mechanisms
of arginine on a Cu(110) surface, with a conventional surface science approach but with a non-traditional
preparation method for the molecular layer. Considering that arginine is a rather delicate molecule and
is not easily sublimated in the UHV chamber, an electrospray ionization (ESI) device is used to introduce
ionized molecules with no damage.

We have thus combined experimental analyses techniques, such as XPS, STM and NEXAFS together with
DFT simulations to investigate the adsorption of arginine/Cu(110). NEXAFS spectra indicate preferential
anchoring points of the carboxylate group along the <110> crystallographic axis, while STM results
depict the lack of a long-range order in arginine pattern with a preferential growth direction along the
<110> axis. By means of XPS (Fig.1) and DFT results, we discovered that arginine is present on the surface
in different chemical configurations, depending on the protonated/deprotonated state of its carboxylic
and amine groups. Since, in turn, the protonation/deprotonation of the different functionalities depends
on their interaction with the surface, this indicates that different adsorption configurations characterize
arginine molecules on Cu(110). So, even if the interaction with the substrate is strong enough to influence
the molecular ordering, the different chemical configurations prevent to establish periodic intermolecular
interactions and thus inhibit the
creation of a 2D regular pattern.

Figure 1. Left: N 1s XPS spectrum of
arginine. Right: different chemical
configurations of the adsorbed
molecule. Species interacting with
the surface are inside boxes or
highlighted in grey.
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Tue-10:40-0-ORGS2
Electronic structure of Au-C_ -Au single molecule junction fixed by current voltage
characteristics and thermopower measurement

ORGS Organic molecules on solid surfaces
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Tokyo Institute of technology, Department of Chemistry, Tokyo, Japan

The electronic structure of molecular junctions has significant impacts on their transport properties
which have been expected to apply molecular devices such as switching, and transistor devices [1].
Despite the decisive role of the electronic structure, a complete characterization of the electronic
structure remains a challenge. This is because there is no straightforward methods of measuring electron
structure for an individual molecule trapped in a nanoscale gap between two metal electrodes. Herein,
a comprehensive approach to obtain a detailed description of the electronic structure in single molecule
junctions based on the analysis of current-voltage (I-V) and thermoelectric characteristics is described.
It is shown that the electronic structure of the prototypical C  single-molecule junction trapped
between Au electrodes (Au-C, -Au) can be resolved by analyzing complementary results of the I-V and
thermoelectric measurement. The conductance and |-V measurement revealed that the Au-C_-Au single-
molecule junction displayed high (H) and low (L) conductance states (H = 0.033G, and L = 0.003G ) and
the high electronic conductance of the H state was owing to a large electronic coupling between the
molecule and the Au electrodes. The thermoelectric measurement indicated that the Au-C, -Au single
molecule junction prossessed a Seebeck coefficient of -12 uV/K. By analyzing the complementary I-V and
thermoelectric measurement, we found that charge transport was mediated by a LUMO, whose energy
level was +0.5~0.6 eV above the Fermi level of the Au electrode (Figure 1). By combining the results of
the I-V and thermoelectric measurements, the electronic structure of the C_, single-molecule junction
was determined.

High state Low state

hollow

LUMO

008 eV
0.5eV i

0.03 Go

0.003 Go

Figure 1. Energy level diagram of the H and L states of the Au-C,-Au single molecule junction. Inset
indicates possible structural models (i.e., hollow and on-top adsorption models) of the H and L states
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Solving mysteries in pure bismuth by quantum confinement

BAND Band structure of solid surfaces
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Bismuth (Bi) has been providing an irreplaceable playground in condensed matter physics owing to its
several extreme properties such as the huge spin-orbit coupling, the semimetallic bulk with very low
carrier densities, and the three-dimensional Dirac-like dispersion. A direct band mapping by angle-
resolved photoelectron spectroscopy (ARPES) has revealed many interesting phenomena on Bi. However,
because of an uncertainty relation of photoelectrons, ARPES has a clear limitation in measuring three-
dimensional bands, which has left some important questions of Bi elusive. In this talk, we introduce how
our novel quantum-confinement approach with ARPES can solve mysteries in Bi.

Firstly we describe our method based on our recent result which determined the topology of Bi [1]. Although
Bi is a central element in designing topological materials, the topology of its pure crystal has long been
controversial. The three-dimensional Dirac-like dispersion of Bi is so sharp against a momentum resolution
expected in usual ARPES that the bulk bands have never been clearly detected [2]. This is fatal because
the band gap of Bi is very small (~10 meV [3]) and a slight energy shift in bulk bands can easily transform a
topologically nontrivial case into a trivial case. Here we overcame the difficulty by simultaneously observing
evolutions of surface and quantized bulk bands formed in Bi thin films with increasing thicknesses. Such
quantized states are two-dimensional states which can be clearly observed in ARPES but still possess
information of the bulk in the evolution against thicknesses. Following the evolutions with analyses on the
phase shift of confined wave functions enabled us to precisely determine the connection between surface
and bulk bands, which is an unambiguous evidence of the nontrivial topology [1].

Furthermore we apply our approach to another important open question in Bi: a semimetal-
to-semiconductor (SMSC) transition in the ultrathin film. A combination between the small carrier
densities and quantization of bulk bands can result in the transition [4]. Despite experimental efforts
for half a century, the whole picture has still been contentious [5]. The biggest reason is the existence
of metallic surface states, which counteract the insulating bulk when a thickness decreases. In addition,
a strain effect from the substrate can contribute to the transition but has never been discussed based
on experimental results. By explicitly considering these effects, we extend our quantum-confinement
approach to reveal a whole picture of the SMSC transition. Especially, after we identify a strain effect from
the evolution of surface states, we quantify the influence on the transition by including the relaxation
against thicknesses in the phase analyses on quantized levels. These results reveal a microscopic origin of
the SMSC transition and provide a firm ground to achieve the consensus view.
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Surface reactivity of Au-Ag and Pt-Rh during deNOXx reactions studied by field
emission techniques
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The main objective of this work is the surface characterisation of binary alloys of interest in heterogeneous
catalysis, such as AuAg (8,8 at. % of Ag) and PtRh (17,4 at. % of Rh), using field emission techniques during
ongoing catalytic reactions. The catalytic properties of these alloys are most promising in the domain of
nitrogen oxides abatement (deNOx reactions). This is made possible by the combination of two metals
exhibiting intrinsically different properties, giving rise to new interesting catalytic properties compared
to those of single metal catalysts.

Tip-samples are produced by electrochemical etching, and characterised with atomic resolution by Field
lon Microscopy (FIM). For this, a series of in-situ treatments is necessary to obtain high quality pictures of
the samples. Field Emission Microscopy (FEM) is then used to image the sample in real time, during the
ongoing processes.

The systems of interest for the deNOx reactions correspond to the N,O+H,/AuAg and NO,+H,/PtRh
systems. The AuAg system can also be seen as a model reaction to understand the formation of O(ads)
species at the surface of Au-based catalysts, important to understand more complex reactions. The
reaction dynamics are followed by local changes of brightness reflecting variations in electron emission of
the different crystallographic planes. In fact, at constant electric field and temperature, electron emission
from the sample depends on the presence or absence of adsorbates.

To study the AuAg system, different ratios of the N,O/H, mixture, as well as linear variations in
temperature, were applied to the AuAg tips. The dissociation of N,O and its reaction with H, are observed
in the temperature range 300-320 K, proving the activity of gold-based catalyst at low temperature.
The results suggest a localized dissociative adsorption phenomenon for N,O and H,. The presence of
O-enriched zones and neighbouring H-enriched zones lead to the formation of reactive interfaces where
the adsorbed species are supposed to react. This forms a pattern which systematically appears with the
same 3-fold symmetry as the underlying surface. It seems that the composition of the gas phase does
not influence the observed reaction patterns, indicating a strong dependence of the reaction pathway
on the state of the surface. O-enriched zones appear darker due to the increased surface work function
in the presence of oxygen adsorbates. It has to be noted that dissociative adsorption of N,O takes place
preferentially over the roughest facets, {210}

In the case of the PtRh system, a NO, base pressure is introduced in the reaction chamber and leads to a
significant brightness decrease on the FE pattern, indicating NO, dissociative adsorption. Gradual increase
of H, pressure at different temperatures leads to the formation of spikes in the brightness signal, sign of
a reactive behaviour. At the temperature of 425 K, self-sustained periodic oscillations can be observed in
the brightness signal.

132



M eCosS 33 ORAL PRESENTATIONS

A 27 AUG - 1 SEP 2017
/ % SZEGED, HUNGARY

Thu-11:00-O-CATH @
Near ambient pressure photoelectron spectroscopy studies of CO oxidation on

Co,0, surfaces: electronic structure and mechanistic aspects of wet and dry CO
oxidation

CATH Catalytic 2D-model studies under high pressures

Ruchi Jain', Chinnakonda S. Gopinath '

" Catalysis Division, National Chemical Laboratory, Dr. Homi Bhabha Road, Pune 411 008, India;
2 Centre of Excellence on Surface Science, National Chemical Laboratory, Pune 411 008, India

Near ambient pressure photoelectron spectroscopy (NAPPES) is a powerful tool that is inherently surface
sensitive, and oxidation state specific, with the ability to probe sample surfaces at pressures closer to
ambient pressure. Catalytic activity, electronic structure and the mechanistic aspects of Co,0, nanorod
surfaces has been explored for the CO oxidation in dry and wet atmosphere by NAPPES with conventional
X-ray (Al ka) and ultraviolet sources (He-I). Comparative NAPPES studies enable to understand the
elucidation of the catalytic reaction pathway and the evolution of various surface species. Our findings
from NAP-UPS results support Co,0, NR as the most active metal oxides for CO oxidation at room
temperature in the absence of water vapour. However, in the presence of water vapor the reaction is not
active around ambient temperature and up to 375 K due to the surface hydroxylation and associated
electronic structure changes.
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Presence of water with CO+0, plummet the catalytic activity due to the change in electronic nature from
predominantly oxide (without water in feed) to few intermediates covered Co,0, surface. The surface
OH group hampers catalysis by reducing the active site for reactant (CO) adsorption and creates pseudo
three-fold sites which promote the formation of carbonate and formate intermediate. CO oxidation
activity is partially regained above 375 K underscores the dissociative water adsorption poisons the
surface below 375 K and water desorption above the boiling point leads to activity resumption. This
is fully supported by the changes observed in the work function of Co,0, NR in the presence of wet
(H,0+C0O+0,) compared to dry (CO+0,) reaction conditions. Work function decreases under the wet
reaction condition underscores the contaminated surface is more stable than the reactive surface with
high work function. Likely, the VB potential shifts depending on the reaction environment underscoring
the changes in electronic environment in the presence of reactant species.
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Atomic scale STM and nc-AFM study of the Hematite (012) surface
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For its abundance, low cost, stability and environmental benignity, hematite (a-Fe,O,) is a promising
material for utilization in a wide range of fields, including as a photoanode for photoelectrochemical water
splitting [1]. Although (012) is known to be one of the most stable surfaces of hematite, the atomic-scale
structure remains unknown. Here we present the first-ever atomic-scale scanning tunneling microscopy
(STM) and non-contact atomic force microscopy (nc-AFM) study of the surface.

Our data suggests that a bulk termination model for the oxidized (1x1) surface is plausible, but images of
the reduced (2x1) surface are inconsistent with any of the previously proposed structural models. Based
on the experimental data we propose a new model for the (2x1), whose plausibility is supported by our
DFT calculations.

We also present the results of H,0 adsorption studies on both surface terminations and discuss the data
in the context of previously published results [2].

References:

[1] Parkinson, G.S., Iron oxide surfaces. Surface Science Reports.
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Controlling the growth of Bi(110) and Bi(111) films on an insulating substrate
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Nanostructured ultrathin bismuth films [1,2] have attracted a lot of interest as they reveal exotic functional
properties that do not exist in bulk. The material properties are advantageous for the realization of e.g.
spin based electronic devices, magnetoresistance effects and topological insulators (TI). To develop
and optimize Tls towards applications, thin films of high quality are a necessity, as otherwise the exotic
electronic properties are hampered by bulk conduction. To minimize the contribution of the substrate,
an atomically well defined insulating substrate is essential for both future electronic applications as well
as to get a deeper understanding of Bi thin films growth controllability. In this study we demonstrate by
Surface X-ray Diffraction (SXRD) the controlled growth of thin Bi(110) and Bi(111) films on such a substrate:
atomically smooth insulating sapphire (a-Al203(0001)).
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Formation of stable hexagonal (hcp) gold nanostructures in the process of self-
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Nano sized gold has become an important material in various fields of science and technology such as
nanoelectronics, catalysis, nanophotonics and medicine, where control over the size and crystallography
of the structures is desired to tailor the functionality. The hexagonal closed packed (hcp) structure of gold
is a very unique and unusual phase, since gold naturally adopts face centered cubic phase (fcc). The Au/
Ge(001) surface itself is also very interesting for the applications of future mono-molecular devices since
it may exhibits 1D and 2D conductivity channels in form of atomic chains [1] and subsurface layer [2].

In the presentation, we will report on studies concerning post-annealing induced nanostructures
formation after room temperature deposition of thin film of Au on (2x1) Ge(001) in UHV. Deposition of
6 ML of Au by MBE resulted in the formation of a continuous Au overlayer as checked by RHEED to be
crystalline. Just after deposition, the samples were post-annealed in UHV to temperatures ranging from
473 K to 773 K with different cooling rates. The self-organized structures, in form of Au nanoislands, were
formed due to the surface diffusion of Au adatoms on Au rich surface and Ostwald ripening process
[3]. The nanostructures were characterized by EBSD/SEM (Electron Back Scatter Diffraction/Scanning
Electron Microscopy) and Atomically resolved HAADF STEM (High Angle Annular Dark Field Scanning
Transmission Electron Microscopy), see Fig. 1.

It has been found that there exists preferential island orientation along crystallographic direction of the
substrate surface as provided by diffraction methods (EBSD), the epitaxial relations have been determined.
For an annealing temperature close to the eutectic temperature of Au/Ge system (634 K), change in size
and shape of the Au nanoislands is observed as well as the appearance of the hexagonal phase of gold,
indicating eutectic melting of the system. The chemical composition of the leading Au/Ge interface was
uncovered using quantitative atomically resolved HAADF-STEM and indicate the absence of alloying. The
crystallographic structure of the Au islands and the presence of hexagonal gold as well as the Au/Ge
interface were studied in details by atomically resolved HAADF-STEM. The studies at atomic level allowed
us to uncover the mechanism of Au hcp phase formation and to derive the phase diagram for Au hcp
nanostructures appearance on Ge(001) surface[4].
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Fig. 1 Au hcp nanostructures formed on Ge(001) surface, a) SEM micrographs, b) EBSD/SEM Inverse Pole
Figures (IPF) showing two main orientations of Au hcp crystallites, ¢) Atomically resolved HAADF STEM
showing directly Au hcp phase.
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Interaction of cerium oxide (ceria) with water is a key process involved in many applications of ceria-
based catalysis. A combination of experimental model study (TPD, XPS/SRPES, LEED, STM) with theory
(ab-initio calculations) has been employed to get a detailed insight into the reaction of water with ceria
at various levels of reduction (spanning from CeO, to Ce,O,). Reduced thin films of ceria were prepared
by high temperature interfacial reaction of Ce with CeO, layer which produces oxides with specific
concentration and coordination of surface oxygen vacancies [1,2].

Upon increasing the degree of ceria reduction, we observe a transition from slow surface water splitting
to fast and efficient water dissociation leading to hydrogen production (hence the water dissociation
is irreversible) and ceria re-oxidation. The observed reaction yields exceed the oxide surface capacity.
It is shown that the fast dissociation of water is associated with the appearance of bixbyite c-Ce,O,
phase in the ceria layers and to the close-packed structure of oxygen vacancies allowing diffusion and
accommodation of OH species in Ce,0, bulk. This bulk hydroxylation is proved absent in less-reduced
ceria  structures, where
surface  hydroxyl groups
and hydrogen ad-atoms
preferentially recombine
reversibly to produce water.

The presented study clearly z

demonstrates that the coor- 5

dination of oxygen vacancies §,’

in ceria represents a crucial 2

parameter to be considered 2

in understanding and tun-  °Egp—prT— At 20,0450 s gl
ing the functiona"ty Of ce- Temperature (K] re-uxidized ¢-Ce;0; sample. Sice 40x50 nm?.
ria-based CatalyStS- Fig. 1: Thermal desorption spectra of water on ordered reduced ceria thin films—c Ce,0,(4x4), CeOy ¢ [3%3), i Ce,0(V7x37),

and reference Ce0,(111). TPD spectra of H,0 (mass 18) and H; (mass 2) are shown. Right panel: Surface model of the ahove
ceria structures; black areas are oxygen vacancies, white outlines represent the surface unit cells.
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Surface chemistry of coronene on a hydrogenated graphite surface
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Carbon exists in abundance in the interstellar medium (ISM), for instance as carbonaceous grains in the
interstellar dust. Of high significance is also the polycyclic aromatic hydrocarbons (PAH) which accounts
for around 10% of the observed carbon in the space. Both of these carbon sources are thought to
play important roles in the chemical environment of the ISM. For instance observational[1] as well as
laboratory[2] studies have suggested PAHs to be a potential catalyst for the formation of H2 from atomic
hydrogen - a crucial step for the synthesis of complex organic molecules.

In this study a surface science approach is taken to study the interaction and chemistry between
hydrogen and carbonaceous materials. Here, highly oriented pyrolytic graphite (HOPG) is used as a
model surface for carbonaceous grains
and coronene as a representative PAH
[3]. Using low temperature scanning
tunneling microscopy (LT-STM) it s
found that coronene deposited on a
hydrogen-functionalized HOPG substrate
is mobile on the surface at 77K but shows
very limited to no reactivity towards
the adsorbed hydrogen. However, at
increasing temperatures the coronene
picks up hydrogen from graphite surface,
and thus becomes super-hydrogenated.
Based on temperature dependent STM
studies the temperature range at which
the reaction occurs is identified as well
as the most reactive site of the coronene
molecules is elucidated.

These measurements thus shed light on
the dynamics and chemical reactivity of
PAHs on a carbonaceous surface in the ISM.
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Porous nanoparticles are very popular because of their high surfacevolume ratio, moreover they have
stronger plasmonical properties than their solid counterparts. Porous gold nanoparticles were fabricated
on SiO,/Si as well as on sapphire substrates with solid state dewetting and dealloying methods. It is
well known that the surface of porous gold nanoparticles can be passivated with a thin alumina layer,
which results good thermal stability of the nanoporous morphology. Morphology and optical properties
of porous gold nanoparticles were investigated. They were coated with thin (~5-7 nm) TiO, layer using
plasma-enhanced atomic layer deposition (ALD) method. Investigations by scanning electron microscopy
(SEM) showed that the particles preserved their initial state even after annealing in the temperature range
of 350 °C to 900 °C. Optical studies showed that the TiO, coating shifts the dipole plasmon peak to the
higher (red) wavelength range due to the change of the refractive index. The samples were annealed
for one hour in air at different temperatures from 350 °C to 900 °C. A blue-shift of the dipole plasmon
peak has been observed already at low temperatures. The blue-shift is influenced by the annealing
temperature and the thickness of the TiO, coating. At higher temperature (above 700 °C) the TiO, coating
lost its thermal stability and the morphology as well as the optical properties suffer significant change.
In the presentation we will compare the effect of the AL O, and the TiO, coatings on the change of the
morphology and optical properties of porous gold nanoparticles.
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Understanding the nature of hydrated protons at water/metal interfaces is fundamentally important
in wide variety of research subjects, including heterogeneous catalysis, corrosion, and electrochemical
processes in acidic environments. We explored the stability of hydrated protons on a Pt(111) surface
formed by coadsorption of atomic hydrogen and water in ultrahigh vacuum (UHV) condition. Mass
spectrometry and reflection absorption infrared spectroscopy (RAIRS) experiments showed clear
evidence that hydrogen atoms are ionized to hydrated protons on the Pt surface. The surface-bound
protons exist in multiply hydrated (H,O,*, H O,*and H,O,*) forms rather than as hydronium (H,0*) ion.[1]
Upon the addition of water overlayer, the surface-bound protons transformed to a different structure,
which is considered to be fully-hydrated protons in three-dimension. Proton migration through < 20
water layers was observed by detecting proton transfer to ammonia molecules adsorbed onto the water
film. The results suggest that surface hydrated protons may be key intermediates in the electrochemical
intercoversion between atomic hydrogen adsorbates and bulk-solvated protons in the Volmer reaction.
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Metal halide perovskites have emerged as the highly promising light absorbers of the photovoltaic
devices due to excellent absorptivity and carrier diffusion length, which allows satisfactory power
conversion efficiency to be achieved by utilising a small amount of raw material. Nevertheless, poor
stability has limited their advancement for commercialisation, which has resulted in enormous worldwide
research effort in the reduction of degradation at the perovskite materials. Consequently, understanding
the degradation mechanism of the perovskite materials is of paramount importance to further improve
the stability of perovskite solar cell.

Near-ambient pressure X-ray photoelectron spectroscopy (NAPXPS) plays a vitally important role in
in situ investigation of surface degradation, especially for surface sensitive materials like metal halide
perovskites. In this study, two different perovskite materials are examined by NAPXPS during exposure
to water vapour, organic lead perovskite (CH,NH_Pbl,) and ,all-inorganic’ tin caesium double perovskite
(Cs,Snl ). The former is the most widely used type of organometal halide perovskite, and is highly unstable
in air containing water vapour, whilst the latter was proposed to address the toxicity and instability issues.
In the case of CH,NH,Pbl,, samples were prepared in situ inside the spectrometer, and these pristine
samples were monitored during their exposure to 9 mbar water vapour.[1] This allows us to distinguish
unambiguously between alternative mechanisms for the degradation reaction. As expected, the results
show significant differences between the two perovskite materials. Following the same level of water
vapour exposure, NAPXPS spectra reveal that the organic (nitrogen-containing) part in CH,NH,Pbl, is
almost completely removed,[1] whereas the inorganic counterpart (Cs) in Cs,Snl,_ does not undergo any
significant change.[2] The outcomes demonstrate that the surfaces of Cs,Snl, are far more stable than
CH,NH,Pbl,, consistent with the relative bulk stabilities.
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Thin films of LiH and its corrosion products were studied using temperature programmed decomposition
(TPD), x-ray photoelectron spectroscopy (XPS) and Auger electron spectroscopy (AES). Thin films were
grown on Ni(100) in an ultra high vacuum system using an electron beam evaporator. Characteristic
Li KLL AES peaks were identified for Li, LiH, Li,O and LiOH which facilitated identification of thin film
composition. XPS of the O 1s region revealed three distinct chemical shifts which were attributed to
Li,O, LiOH and chemisorbed H20. We show that exposing LiH to very low H,O partial pressures results
in formation of LIOH/Li,O domains on LiH. We also show that these XPS peaks can be linked to reaction
mechanisms in the TPD profiles. TPD traces have been explicitly modelled to determine the activation
energies of the reactions and compare favourably with previous measurements on bulk LiH samples.
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Oxidation of dopa, dopamine, or similar p-substituted phenols/catechols to form corresponding
o-quinones finally results in generation of dark pigment called melanin. Recently, melanin formed from
dopamine (dopamine-melanin or polydopamine) has been attracting considerable attention in the field
of materials and surface science. Dopamine-melanin posesses versatile adhesive properties and then can
be used as interface layers for a wide range of surfaces regardless of organic or inorganic materials. The
structure of dopamine-melanin or other melanins has been extensively investigated both in the context
of chemistry and physics. The above-mentioned o-quinones are usually converted into cyclic structures
via intramolecular cyclization. However, a recent experiment shows uncyclized structures in dopamine-
melanin [1]. Furthermore, an o-quinone resulting from dopamine oxidation, i.e., “dopamine-quinone”,
has been shown to slowly cyclize as compared to the case of “dopa-quinone” [2].

In the present study, we conducted a mechanistic study on cyclization of o-quinones with the aid of
density functional theory based calculation [3]. Motivated by previous experiments [1,2], we compared
the cyclization of (a) dopamine-quinone with its analogues, i.e., (b) dopaquinone, (c) N-methyl-dopamine-
quinone, and (d) N-formyl-dopamine-quinone. Cyclizations of these molecules result in formation of five-
membered rings. We also calculated cyclization processes of (@) - (d’) the methylene (-CH,-)-inserted
derivatives, corresponding to six-membered rings. We found that the five-membered ring formations
require higher activation energies as compared to the cases of six-membered ring formation. Our
computational results also show that the activation barriers increase in the following order of cases: (b) <
(<@ <(d)and (b)) < ()< @)<(d).

As the factors affecting the cyclization of o-quinones, we will dicuss electron transfer, properties of
molecular orbitals, and transition state structures in the reaction.
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Studying nitric oxide (NO) adsorption is of fundamental importance for the reduction of nitroxide (NO,)
automotive emissions using precious metals such as Rh, Pt and Pd supported on ceramics. In general,
precious metals are very effective at reducing NOX. However, the use of these materials is limited because
of their restricted availability and high cost. Notably, several studies have described the reactivity towards
NOX reduction in host perovskite materials. Above all, iron-based materials have been shown to be
superior candidates. According to Reddy et al,, the catalytic activity of Fe,O, (10 wt%) supported on ALO,
and ZrO, for the NO + CO reaction is the most reactive catalyst among various metal oxide surfaces[1].
Nevertheless, the question of how Fe-containing oxide supports affect the NO, reduction remains
unclear. Hence, a study of NO chemical reactions on an Fe-based oxide surface, such as an Fe-terminated
LaFeQ, support, could offer a means to identify an alternative NO, reduction path relevant to the design
of more intelligent catalysts. LaFeO, is known to be anti-ferromagnet with a Néel temperature of 738 K[2].
Since the NO, reduction is drastically activated at around 200 °C and shows low catalytic activity at low
temperature for automotive emissions, it is of increased importance to take the magnetic properties of
interface into account. Thereafter, to demonstrate the adsorption properties of NO on an FeO,-terminated
surface of LaFeQ,, investigating the magnetic properties of not only the anti-ferromagnetic LaFeO, slab
but also the adsorbate molecule is crucial. However, as far as we know, there are no discussions on its
magnetism.

In this study, the adsorption of NO on an FeO_-terminated (001) surface of LaFeQ, is studied based on spin-
polarized ab-initio calculations. The plane-wave pseudo-potential density functional theory method as
implemented in the Quantum-ESPRESSO package was used throughout the calculations[3]. The Perdew-
Burke-Ernzerhof-Generalized Gradient Approximation was employed for the exchange-correlation
functional. The adsorption energies, E_, = E(NO adsorbed slab) — E(slab) — E(NO), on the FeO, terminated
LaFeQ, (001) surface with and without oxygen vacancies (VO) were evaluated.

(a) NoV, (b) One V, (©) Two V,
Up-spin £ Down-spin Up-spin £ Down-spin Up-spin £ Down-spin (a) Up-spin [ Down-spin (b) Up-spin /£ Down-spin
3 i A A

2
5 t,
I8

Fig. 1: Schematic illustration of the DOS of the Fe' and Fe' atoms on the | L Fig. 2: Schematic illustration of the DOS of the Fe' atom and the adsorbed NO
and molecular orbital of the adsorbed NO w/ and w/o V. Black, blue and red molecule with parallel spin coupling (a) and that with anti-parallel spin coupling (b).
solid lines denote the Fe', the Fe! and molecular orbital of NO, respectively.
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Consequently, the calculated adsorption energies of NO are approximately between —1.1 and —-1.4 eV
on a pristine FeO,-terminated surface. For the surface with an VO concentration of 25% with respect
to the surface O in the 1st FeO, layer, the adsorption energy of NO is —1.35 eV, which is closer to that
without any V,. For a surface slab with a V, concentration of 50 % in the 1st FeO, layer, however, the
adsorption energy of NO is enhanced to —2.17 eV. We show that the interaction between the 2n* orbital
of NO and the occupied part of the Fe 3d states governs the bonding and magnetic properties of NO on
the FeO,-terminated surface as shown in Fig. 1. As a whole, the anti-parallel spin coupling between the
adsorbed NO and the Fe bonded to the NO was realized because of the interaction between the 2r* orbital
of NO and the Fe 3d states as shown in Fig. 2. This energy gain in magnetic interaction contributes to the
E_ .. and reaction barrier for the NO adsorption. Thus, the consideration of such magnetic interactions is
indispensable to discussing the catalytic activity on transition metal oxide surfaces.

References:
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[2] D. Treves, J. Appl. Phys. 36 (1965) 1033.
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Wed-11:20-O-BAND
Unoccupied band structure of Si nanoribbons on Ag(110) studied by IPE

BAND Band structure of solid surfaces

Nils Fabian Kleimeier, Gabi Wenzel, Helmut Zacharias
Westfdlische Wilhelms-Universitdt, Miinster, Germany

Slowly evaporating Si onto the (110) surface of a Ag(110) single crystal leads to the formation of atomically
perfect pentagonal chains of Si that are globally aligned along the [-110] direction of the silver surface.
Although the occupied band structure of these nanoribbons has been investigated thoroughly, the
unoccied bands have so far not been studied with momentum-resolved methods.

We employ k-resolved inverse photoemission spectroscopy (KRIPES) to determine the unoccupied band
structure of these nanoribbons on Ag(110) in ultra-high vacuum. Electrons from a modified Erdman-Zipf
electron gun are used to excite the sample and the emitted photons are detected in a Geiger-Miiller tube
with acetone as counting gas and a CaF, entrance window acting as a bandpass filter around hv=9.9 eV.

The band structure is investigated in both I'X and I'Y direction (along the nanoribbons and perpendicular
to them, respectively). These measurements reveal two clearly visible states around the I-point of the
Ag(110) that disperse strongly along the 'X-direction and show no dispersion in the I'Y-direction, as
expected for quantum confinement states in 1D-materials. Moreover a linear continuation of the dirac-
cone like feature around the X-point of the surface Brillouin zone of the Ag(110) crystal is found.
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Theoretical study on spin states of photoelectrons emitted from spin-polarized
surface states with a mirror symmetry

BAND Band structure of solid surfaces

Katsuyoshi Kobayashi', Koichiro Yaji2, Kenta Kuroda 2, Fumio Komori?

"Department of Physics, Ochanomizu University, Japan
2Institute for Solid State Physics, The University of Tokyo, Japan

Recently the spin-polarized surface states formed by spin-orbit interaction attract much attention.
Such surface states are fundamental ingredients in topological insulators and Rashba systems.Recent
experiments of photoelectron emission of topological insulators show that 100% polarized electrons are
emitted by irradiating linearly polarized light, and the spin direction of electrons is completely reversed
by changing the polarization of light from p to s [1]. This phenomenon was qualitatively explained using
the wave functions of initial states in which spin states and orbital symmetry are coupled [2]. The key
property for the 100 % polarization to occur is the mirror symmetry of the system.

In this presentation, we show a theoretical calculation of this phenomenon with explicit account of final
states obtained by a density-functional method. We develop a method for calculating spin states of
electrons excited by light. The method is simple and effective for low energy excitation.This method is
applied to the Bi(111) surface. Spin expectation values of electrons emitted from surface states of Bi(111)
surfaces reproduce experimental ones measured as a function of the polarization angle of incident light.
We explain the asymmetry observed in photoelectron intensity between time-reversed states in two-
dimensional Brillouin zone by breaking time-reversal symmetry in photoemission process.

References:
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[2] K. Yaji, et al.: Nat. Commun. 8, 14588 (2017).

149



€COosSsS

27 AUG - 1 SEP 2017
SZEGED, HUNGARY

ORAL PRESENTATIONS

M, 33

Tue-15:20-0-ORGS
Ductility of thin films constituting organic light emitting diodes

ORGS Organic molecules on solid surfaces
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Hideaki Kanematsu 3, Tsuyoshi Masuda*

" Department of Electronics & Control Engineering, National Institute of Technology, Tsuyama College,
Okayama, Japan

2 Laboratory of Advanced Science and Technology for Industry, University of Hyogo, Hyogo, Japan

3 Department of Materials Science & Engineering, National Institute of Technology, Suzuka College, Mie,
Japan

*Q-Light co., Ltd., Iwate, Japan

This paper describes an evaluation method of the mechanical properties and electrical characteristic of
thin films constituting organic semiconductor, and the test result of the relation between cracking and the
electrical resistance of the films. The final target of the present research is the improvement of flexibility
of organic devices, flexible displays and flexible organic light emitting diodes (OLEDs). The purpose of this
study is to understand the vulnerable parts of the constituent materials of OLED quantitatively, further
the guideline for designing OLED structure will be obtained. A few types of PEDOT:PSS were coated on
polyethylene naphthalate (PEN) substrate by spin coating method, and two layer thin film structures PEN/
Alg3/Al, and PEN/CBP/Al were prepared by vacuum deposition method. Then electrical resistance and
cracking of the films were investigated. As a result, it was found that the PEDOT:PSS films do not cause
cracking and the electrical resistance increased theoretically by around 10% of strain. Regarding the two
layer thin films, cracking initiated at a strain of around 4% then the electrical resistance started increasing.
The reason has suggested that cracking was caused by the strain resulting in cracking with forming
network shape. Furthermore it was found that the aspect of the cracking depends on the underlayers
suggesting the effect of adhesion of the films.
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Control over self-assembly of phthalocyanine molecules via the electric field of an
STM tip

ORGS Organic molecules on solid surfaces

Peter Matvij', Pavel Kocadn', Pavel Sobotik’, Barbara Pieczyrak?, Leszek Jurczyszyn?,
Filip Rozbofil', Ivan Ostadal’

"Charles University in Prague, Czech Republic;

2Institute of Experimental Physics, University of Wrocl'aw, Poland

Ordered layers of organic molecules are usually grown on weakly interacting surfaces, typically those of
metal mono-crystals. An interesting alternative, consistent with silicon technologies, is represented by
silicon surfaces passivated by metal mono-layers. Such surfaces carry interesting electronic properties,
e.g. the Rashba-type spin-split bands in the case of TI/Si(111)-(1x1) [1].

We use the scanning tunneling microscopy (STM) to study field-dependent assembly of copper
phthalocyanine (CuPc) molecules on the TI/Si(111)-(1x1) surface. Previously we reported that the surface
is inert to adsorbates [2]. We demonstrate that the electric force can be used to control the assembly of
molecules and switch between phases on areas of hundreds of nm? with a switching time of less than 1
ms. With help of ab-initio calculations and kinetic Monte Carlo simulations we explain the mechanism of
the STM tip influence on assembly of the molecules by means of electrostatic interactions.

Two aspects are important for explanation of observed morphologies and dynamic behavior - 1)
molecular assembly as a result of high density and steric repulsion, and 2) the charge rearrangement
induced by adsorption of the molecules on the substrate.

This work was supported by Czech Science Foundation (contract no. 16-15802S) and by the Charles
University in Prague (project GAUK No. 326515).
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Supramolecular corrals on surfaces resulting from aromatic interactions of
non-planar triazoles

ORGS Organic molecules on solid surfaces

Siddharth J. Jethwa, Esben L. Kolsbjerg, Bjgrk Hammer, Trolle R. Linderoth

Interdisciplinary Nanoscience Center (iNANQ), Department of Physics and Astronomy, Aarhus University,
Aarhus, Denmark

Molecular self-assembly on surfaces has been studied with great interest over the previous 20 years
with a view towards the formation of functional two-dimensional nanostructures using the bottom-
up approach. One example is pores of assemblies that can be used to selectively expose active surface
sites or host guest molecules via specific interactions and thus have a range of potential applications in
catalysis,[1-3] for instance by encapsulation of organic compounds on surfaces[4]. Such two-dimensional
corral structures can be formed on various transitions metal surfaces from functionalized molecules
normally governed by in-plane interactions. Interaction forces between aromatic moieties, often referred
to as m-m interactions, are an important element in stabilising complex supramolecular structures. For
supramolecular self-assembly occurring on surfaces, where aromatic moieties are typically forced to
adsorb co-planar with the surface, the possible role of intermolecular aromatic interactions is much less
explored.

Here we report on unusual, ring-shaped supramolecular corral surface structures resulting from
adsorption of a molecule with non-planar structure, allowing for intermolecular aromatic interactions.
The discrete corral structures are observed using high-resolution Scanning Tunnelling Microscopy (STM)
and the energetic driving forces for their formation are elucidated using Density Functional Theory
(DFT) calculations and Monte Carlo
(MC) simulations. The individual corrals
involve between 11-18 molecules bound
through triazole moieties to a ring-
shaped ensemble of bridge site positions
on (111) surfaces of copper, silver or gold.
The curvature required to form the corrals
is identified to result from the angle-
dependence of aromatic interactions
between  molecular  phenanthrene
moieties. The study provides detailed
quantitative insights into triazole-surface
and aromatic interactions and illustrates
how they may be used to drive surface
supramolecular self-assembly.
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Self-organization and electronic structure of thin and mono-molecular layer of
Keggin-type Al13-sulfate salt
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" Technical Institute, University of Dunaujvdros, H-2401, Dunadjvdros Hungary
E-mail:amerigo1960@gmail.com; kovacsimre@uniduna.hu;

2 Institute of Organic Chemistry, Research Centre for Natural Sciences, Hungarian Academy of Sciences,
Budapest, Hungary
E-mail: stirling.andras@ttk.mta.hu;

3 Department of Surface Chemistry and Catalysis, Centre for Energy Research, Hungarian Academy of
Sciences, Budapest, Hungary
E-mail: schay@mail kfki.hu

The Keggin-type aluminum polyhydroxy cation, [AIO,Al,(OH),,(H,O) 1" - (Al,) is the most frequently
used modifier in preparing pillared layer clays. It is also used in wastewater cleaning processes. This
curious compound was prepared and crystallized in the form of a sulfate salt. The crystal structure of this
salt was analyzed by X-ray diffraction analysis. While the structural analysis of intercalated clays is difficult
on model surfaces, such as HOPG, scanning tunneling microscopy provides detailed insights. The main
purpose of this study is to characterize the two-dimensional self-assembled structure of the Keggin-type
Al,, ions and to arrange them artificially in new 1D or 2D structure.

Samples for imaging were prepared by depositing Al -sulfate solution onto freshly cleaved HOPG
surface. This surface exhibits small patches of oriented rod-like crystallites consisting of several, parallel
lines, often twin structures. These rough patterns separate the well-ordered flat monolayer regions with
corrugation of 2-3 A.

Coadsorption of surfactant SDS and the Keggin-salt can form various surface patterns, depending on the
applied conditions. These motifs and their possible origins will be discussed.

Scanning tunneling spectroscopic (STS) measurements over the fresh Al .-Keggin layer have shown a
characteristic negative differential resistance (NDR) peak at around 1.4 V sample bias. In interpreting this
finding we applied XPS measurement and DFT calculations. A detailed explanation will be presented in
this study.
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Epitaxial growth of organic crystal networks on ultra-thin hexagonal boron nitride
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For organic thin film electronic devices, the interface of the organic film and the substrate is essential for
their performance. So-called van der Waal (vdW) substrates are anticipated to be advantageous for organic
thin film electronics. These vdW substrates exhibit in general very smooth surfaces and no dangling
bonds. As a result the interface between vdW substrate and organic thin film is molecularly smooth and
is essentially free of charge traps. On the one hand, organic semiconductor films are typically soft and
therefore are well suited for mechanically flexible electronics. On the other hand, two-dimensional (2D)
vdW materials offer mechanical flexibility and good interfacing with organic semiconductors. Therefore
it is straight forward to use a combination of 2D vdW materials as substrates/electrodes with organic
layers as active element in organic semiconductor devices [1].

Here, we investigated hexagonal boron nitride (hBN) as an ultra-thin dielectric vdW substrate for the
epitaxial growth of highly ordered crystalline networks of the organic semiconductor parahexaphenyl
(6P). 6P is a typical representative of small aromatic organic semiconductor molecules and is therefore
suitable as model system. 6P layers were vapor deposited by hot-wall epitaxy onto hBN/SiO,/Si
substrate stacks which were prepared by mechanical exfoliation. The resulting morphologies have been
investigated using atomic force microscopy. Needle-like crystallites of 6P with their long axes oriented
five degrees off the hexagonal boron nitride zigzag directions were observed [2]. This finding together
with the adsorption site determined by density functional theory simulations revealed the formation
of a (-629) contact plane of bulk 6P. Adjustment of deposition temperature and the hBN thickness lead
to ordered networks of needle-like crystallites of up to several tens of micrometers length. A profound
understanding of the organic crystallite growth and ordering on ultra-thin vdW dielectric substrates is
a step towards field effect devices whose performance is only limited by the intrinsic properties of the
organic semiconductor and not by grain-boundaries or the organic-gate dielectric interface.
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Simultaneous high-resolution AFM/STM/IETS imaging of FePc on Au(111)
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" Institute of Physics of the CAS, Prague, Czech Republic;
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The recent progress in scanning probe microscopy provided unprecedented atomic resolution of
single organic molecules on surfaces. Namely, the submolecular resolution was achieved in AFM [1],
STM [2] and also IETS [3] mode employing functionalized tips. The origin of the submolecular contrast
can be rationalized by a simple mechanical model introducing a lateral bending of a flexible tip apex
[4,5]. However direct experimental evidence correlating the AFM/STM/IETS imaging mechanisms has
been missing so far. Here we present simultaneous high resolution AFM/STM/IETS imaging of iron(ll)
phthalocyanine (FePc) on Au(111) surface acquired with CO-functionalized probe. The acquired data
demonstrate unambiguously the common imaging mechanism of the modes. We will show that not
only renormalization of the frustrated translational mode [5], but also renormalization of the amplitude
of IETS signal affect the IETS imaging. We also propose a simple model designed to capture variations in
the amplitude of the IETS signal, which permits us to reproduce the experimental findings. The validity of
our model is verified not only by the agreement with experimental measurements but also by ab-initio
IETS calculations based on non-equilibrium Green'’s function.
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Two-dimensional materials like graphene, transition metal dichalcogenides and ultrathin oxides have
revealed unique properties very different from bulk. As an example, new quasi-2D phases of atomically
thin silica films have been discovered recently [1,2]. Reduced dimensionality is expected to ease structural
phase transitions, a desirable characteristics in view of faster and less energy costly applications. Although
the structural properties of ultrathin silica phases have been characterized, experimental electronic
properties of this material are yet to be explored, especially the band structure.

In this framework, we have investigated the electronic properties of one single layer of silica epitaxially
grown on Ru(0001).

The samples were grown in situ under UHV environment.
Silica was grown on a single crystalline Ru(0001) surface
which was first exposed to oxygen to obtain a 30-(2x2)/
Ru(0001) superstructure [3]. The atomic structure of one
monolayer of crystalline silica was studied by high-resolution
X-ray Photoemission Spectroscopy (HR-XPS), low energy
electron diffraction (LEED) and low-temperature scanning
tunneling microscopy (LT-STM). LEED patterns revealed a
(2x2) lattice consistent with crystalline silica and in agreement
with our STM images and previous works [1-4]. The electronic
properties of the monolayer of silica over Ru(0001) were
studied by means of high-resolution Angle Resolved
Photoemission Spectroscopy (HR-ARPES, see Figure below).
The band structure exhibits bands related to the presence Fignre - ARPES spociva of o simgle fover af
of silica with a clear (2x2) periodicity. This study provide gt oo oo sl )
insightful understanding on the electronic properties of the

atomic oxide layer and metal-oxide electronic coupling.
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Stability of vicinal crystal surfaces against step bunching:
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We recently proposed an atomistic scale model of vicinal crystal growth at vicinal surfaces [1,2]. Since
no step-step interaction was incorporated in the model we observed step bunches consisting of both
macro- and mono-steps. Step bunching (SB) was obtained due to the application of one of two instability
sources: down step diffusional bias (8) or infinite inverse Ehrilch-Schwoebel effect [3]. We studied scaling
of time evolution of bunch size (N) [1,2] and other quantities (macrostep size and terrace width) which
describe character of the surface shape.

Here we develop further this model and report results from stability analysis of evaporation and vicinal
growth destabilized by diffusional bias. We show that system is destabilized by both bias directions
during evaporation as well as growth process. The approach is briefly as follows - using the time-
scaling of the bunch size obtained in [1, 2] we probe the surface stability for many parameter values for
times that would result in the same number of steps according to the time-scaling of N. The resulting
plots of the bunch size as a function of the model parameters such as diffusion-to-kinetics rates ratio (n,)
and sustained surface concentration (c,), show where the system is most unstable against step bunching
with step-up and step-down direction of the bias. We also show that time scaling exponent of bunch size
is %2 and is independent on external force orientation as well as it does not depend on the direction of
steps movement. We show four different curves for time scaling of bunch sizes. Each curve corresponds
to different case of system evolution: growth at step-down (SD) or step-up (SU) bias and sublimation at
those two bias directions.

SD growth SD sublimation SU growth & sublimation
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Fig. 1 Stability diagrams of bunch size dependent in the space on surface atom concentration and diffusion
rate in the case of growth at SD bias (left) sublimation at SD bias (centre) and growth and sublimation at
SU bias (right)
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Fig. 2 Time dependent bunch size in four investigated cases.
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The next generation of attosecond sources at ELI-ALPS
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The research infrastructure at ELI-ALPS is based on four main laser sources: three operating in the regime
of 100 W average power in the near-infrared (NIR) and one at 10 W in the mid-IR (MIR). These systems are
designed to deliver pulses with unique parameter combinations of pulse duration, repetition rate and
pulse energy delivered in stable and reliable operation. The outstanding performance of the primary
laser pulses will enable the operation of secondary sources with exceptional characteristics, achieving
a remarkable spectral range from the THz to the X-ray wavelengths of synchronized pulses, and even
particles. This goal is achieved with the highest quality primary laser sources and expertly designed,
innovative high-harmonic beamlines. The generation of high flux attosecond pulse trains and isolated
attosecond pulses is a central target that will be realized using high-harmonic generation from gas and
plasma targets. These efforts will extend the experimental range of activities in attoscience in three
strategic directions as graphically presented in fig. 1:

« Spectral bandwidth: Few-cycle pulses from the terahertz/infrared up to the petahertz/ultraviolet, and
attosecond pulses from extreme-ultraviolet up to soft and hard x-ray wavelengths,

+ Pulse energy: Attosecond pulses with GW peak powers.
+ Repetition rate: An impressive pulse rate up to 100 kHz.

The secondary sources will be equipped with a set of optical delay lines and diagnostic devices enabling
the users to perform experiments on various types of targets using the precisely synchronized above
light sources. A time-preserving monochromator will enable spectral selection of the pulse wavelength.
Special, dedicated end stations are also being developed, including a Reaction Microscope, a Condensed
matter end station, Velocity Map Imaging Spectrometers and a Magnetic Bottle Electron Spectrometer
equipped with target areas, while user-owned

end stations can be installed at any of the beam Photon energy (eV)
lines.

The experimental activities will commence with A

the commissioning of the two 100 kHz repetition 10.000

rate laser systems. Along with the lasers, we will g

also start the assembly of the high harmonic
beamlines and the THz laboratory which will - 100
provide the first opportunities for research
activities. | will highlight the opportunities for

condensed matter and AMO sciences as the full 10" 10" 10 10

capacity of ELI-ALPS will become available. 1 Ty & 4 ;
10 Intensgy

Fig. 1: Extension of the experimentally available 100 (Wicm’)

activity range for the three strategic directions

of Attoscience at ELI-ALPS.
' Rep. rate (kHz)
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Reactivity of bi- and single layer graphene on Ir(111) towards hydrogen

GRAP Graphene and carbon-based 2D films

Line Kyhl', Jakob Holm Jgrgensen’, Andrew Cassidy 2, Liv Hornekaer?, Richard Balog?

"Interdisciplinary Nanoscience Center (iNANO), Aarhus University, Denmark;
2 Institute of Physics and Astronomy, Aarhus University, Denmark

The adsorption of atomic hydrogen on graphene on Ir(111) is a hot topic in the area of graphene band
gap engineering [1,2]. Recently, it was shown that also vibrationally excited H, molecules can dissociate
and chemisorb on graphene on Ir(111) in an adsorption structure favored by the moiré pattern [3]. While
in a single layer graphene the H addition is catalyzed by the presence of the underlying Ir substrate, the
reactivity towards vibrationally excited H, is fully deactivated in bilayer graphene. This introduces a new
arena for the selective functionalization of single layer, non-freestanding graphene as opposed to bilayer
graphene. Nanoislands of un-functionalized bilayer (and trilayer) graphene embedded in a surface of
hydrogen functionalized single layer graphene can thus be prepared as shown by scanning tunneling
microscopy in Fig. 1a (number of layers are indicated). The multilayer nanoislands remain, however,
reactive towards atomic H with a hydrogen adsorption structure that depends on the orientation of the
layers. Fig. 1b sketches the sideview of a bilayer graphene nanoisland before (top) and after exposure to
vibrationally exited H, (middle) and subsequently atomic H (bottom). Additionally, our preliminary results
opens for the interpretation that, in some cases, the exposure of atomic H on bilayer graphene on Ir(111)
induces a complete sp? to sp® rehybridization yielding the electronically insulating structure diamane [4].

b
Graphene
{reh) “
3 o 1)
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Tue-16:00-0-OXID
Water adsorption at the Zirconia Surface on Pt Zr

OXID Oxide surfaces and ultrathin oxide films

Peter Lackner', Jan Hulva', Joong-Il J. Choi'?, Eva-Maria Kock?, Simon Penner?,
Bernhard Klotzer?, Ulrike Diebold ', Gareth Parkinson', Michael Schmid'
"Institute of Applied Physics, TU Wien, Vienna, Austria;

2 Institute for Basic Science, KAIST, Daejeon, Republic of Korea;
? Institute of Physical Chemistry, Leopold Franzens University Innsbruck, Innsbruck, Austria

Surface-science studies of zirconia (ZrO,) with conduction-dependent techniques like scanning tunneling
microscopy (STM) are hindered by its band gap of >5 eV. Thin and ultra-thin film model systems offer a
possibility to circumvent this problem. A ZrO,(111) trilayer can be formed via oxidation of Pt,Zr(0001) single
crystals [1]. As the oxide contains Zr from the top layers of the crystal, a pure Pt layer forms between the
ZrQ, trilayer above and Pt Zr layers below. The Pt layer at the interface contracts, forming a reconstruction
with misfit dislocations. The ZrO2 trilayer shows a (19 x Y19)R23.4° superstructure with 12 Zr atoms in
every unit cell. It is strongly buckled; additionally it shows in-plane distortions above Pt dislocation lines,
thus creating different adsorption locations.

We have employed this ZrO,/Pt Zr system as a model system for water adsorption on zirconia, combining
temperature-programmed desorption (TPD), X-ray photoelectron spectroscopy (XPS), and STM. In
TPD, = 90% of the adsorbed D,0O contributes to the monolayer peak at 180 K. This corresponds to an
adsorption energy of 0.57 + 0.05 eV, which is in agreement with infrared-spectroscopy measurements on
polycrystalline ZrO, at near-ambient conditions (Eads = 0.60 eV for most of the monolayer range). This
indicates that the ZrO,/Pt Zr ultra-thin oxide is a valid model system for bulk ZrO,, and we argue that this
should also apply to other reactions without a net charge transfer. According to XPS, the D,O that desorbs
in the monolayer peak is bound in molecular form, again in agreement with infrared-spectroscopy on
polycrystalline ZrO,. The remaining 10% of D,O are bound in the form of hydroxyls. They have higher
binding energies, which leads to a tail in the TPD spectrum reaching up to 550 K. STM shows that the
highest adsorption energies occur above Pt dislocations. Repeated TPD measurements lead to a decrease
of the monolayer peak area and to an increase of the tail area. Thus, repeated exposure to water changes
the surface structure, creating adsorption sites with higher adsorption energies.

Supported by the Autrian Science Fund (FWF; project F45).
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Electronic interaction of organic molecules with nitrogen doped graphene

GRAP Graphene and carbon-based 2D films
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S. Rousset’

" Laboratoire Matériaux et Phénomenes Quantiques (MPQ), CNRS/Université Paris diderot, Paris, France;
2 Research Center in Physics of Matter and Radiation (PMR), Université de Namur, Namur, Belgium

Tailoring the properties of grapheneis of fundamentalinterestto uncover new functionalitiesand open new
opportunities for graphene based applications. Among the possible strategies explored, substitutional
doping obtained by replacing some carbon atoms by foreign atoms has focused tremendous efforts.
In this context, nitrogen doping appears to be particularly interesting as it allows to perform n-doping
with minor structural perturbations. This doping induces a shift of the Dirac point and the formation of
localized electronic states [1]. Concerning chemical reactivity, the doping also modifies the interaction
of graphene with molecules. To probe this effect at the molecular level, scanning tunneling microscopy
(STM) and spectroscopy (STS) experiments have been performed with electron acceptor (porphyrin) [2,3]
and electron donor molecules deposited on nitrogen doped graphene. Local spectroscopy allows to
measure resonances arising from the molecular states and to reveal a weak electronic coupling between
graphene and molecules. The doping sites induce a downshift of the energies of the molecular electronic
states revealing a local cherge transfer. Using molecular manipulation with the STM tip molecules can be
removed to reveal the underlying substrate and correlate the electronic features of the molecules with
the presence of nitrogen atoms below. In order to obtain a more complete picture of the role of nitrogen
doping on the interaction of graphene with molecules, we have recently investigated the case of electron
acceptor molecules that will be discussed.

STM image of porphyrin molecules on nitrogen doped graphene
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Supramolecular assembly on top and underneath 2D materials:
can molecules interact across a graphene barrier?

EG2D Epitaxial growth and modification of 2D materials

Zachary P. L. Laker', Harry Pinfold?, Xue Xia', Giovanni Costantini?, Neil R. Wilson'

" Department of Physics, University of Warwick, Coventry, CV4 7AL;
2 Department of Chemistry, University of Warwick, Coventry, CV4 7AL

Directed assembly of molecules on surfaces occurs due to a combination of molecule-molecule and
molecule-substrate interactions, and is utilized in the formation of molecular thin films for a wide variety
of purposes. Molecule-molecule interactions involve electrostatic, hydrogen-bonding and van der
Waals (vdW) forces, whilst molecule-substrate interactions are typically governed by the electronic and
topographic properties of the substrate. Recently, the use of 2D materials, such as graphene, as molecular
substrates has received increasing attention.[1,2] 2D materials have strong in-plane bonding but only
weak out-of-plane interactions. These weak interactions can encourage crystalline 2D supramolecular
assembly without epitaxy,[3] with incommensurate substrate and molecular lattices. As graphene is a
single atom thick, it can be considered as both a 2D substrate and a membrane, with identical top and
bottom crystalline surfaces. This presents the intriguing question: to what extent can inter-molecular
interactions extend across the graphene membrane?

NiOEP
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Using a combination of transmission electron microscopy (TEM) and scanning tunneling microscopy (STM),
we study the molecular level structure of self-assembled nickel(ll) octaethylporphyrin (NiOEP) on metal-
supported and freestanding graphene. STM measurements show that NiOEP assumes a flat 2D lattice on
both Cu-supported graphene and on HOPG, in agreement with previous reports.[4] TEM measurements
of NiOEP deposited on both the top and bottom faces of freestanding graphene reveal the same 2D
molecular lattice, with spacings of (2.31£0.01) nm by (1.52+0.01) nm and a lattice angle of (89.5+0.1) °.
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There is no epitaxial alignment between the graphene and molecular layers but, crucially, the two
molecular films are aligned with respect to each other. By contrast, when the molecular layers are separated
by two layers of graphene, they are randomly oriented with respect to each other and with respect to
the graphene. The same results - ordered 2D molecular layer on each graphene surface, but aligned only
when separated by monolayer graphene — are obtained for self-assembled octaethylporphyrin (OEP)
without a metal center. These results demonstrate that graphene is at least partially transparent to inter-
molecular interactions, which are rendered ineffective once the barrier width is increased to two layers of
graphene. This new phenomenon of molecular alignment through 2D films gives a new tool for the study
and design of nanostructured films, and demonstrates how molecular interactions can extend across the
otherwise impermeable graphene membrane.
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Observation of oxygen spillover between different {012} and {113} Rh facets during
adsorption and hydrogenation of CO,

CATL Catalytic 2D-model studies at low pressures
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? Institute of Experimental Physics, University of Wroctaw, Wroctaw, Poland

In heterogeneous catalysis, one way to develop better catalysts is to acquire a thorough understanding
of the reaction steps at the surface, down to the molecular level. The focus is put on particle shape, size
and local surface composition, features that can show mutual effects on each other. In the context of
CO, valorisation, this work addresses the CO, adsorption as well as the interaction of H,/CO, gas mixtures
on single nano-sized rhodium crystals, using field ion microscopy (FIM), field emission microscopy (FEM)
and 1-Dimensional Atom Probe (1DAP). The structure of the model catalyst is characterized with atomic
resolution by FIM. CO, adsorption and hydrogenation processes are studied in FEM mode, during the
ongoing processes at 700K. Reactive behaviours are monitored by following the evolution of the FEM
pattern due to the variations of the local work function. Observed phenomena have been compared with
the adsorption of other O-containing species such as CO, N,0 and O,

{012} regions {113} regions
Addition of pure CO(g) FEM image of clean Rh sample Addition of pure O,, or N,O, or CO,(g)
— s Mechanistic assumptions Adsorption
ads) sources leadin *
@ 3oV o — (Nngg()g‘; ;e 3 ﬁ%é%(l)[adﬂ
2 2

CO,(g)+2* =>» CO(ad)+O(ads)
CO(g) +* =» CO(ads)

Figure 1. FEM pattern transformations and mechanistic suggestions.

The FEM pattern of a clean Rh-sample features bright area corresponding to facets of {012} orientations
surrounding a central (001) pole (Figl-centre). During CO, exposure, their brightness drastically decreases
and remains dark, reflecting the CO, dissociative adsorption and the formation of O(ads) species. The
presence of O(ads) at the surface also induces a new FEM pattern where {113} facets become the most
visible. The pattern reflects the formation of subsurface oxygen O(sub) beneath the {113} facets (Fig1-right),
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inducing a decrease of their work function. This is confirmed by comparative studies with N,0, O, and CO
adsorptions on Rh. To study the hydrogenation of CO,, pure H, gas is introduced in the chamber, while the
pressure of CO, is kept constant. Reaction phenomena, reflected by variations in the brightness pattern,
were observed from 650 to 700 K. H, adsorption leads to the formation of H(ads) species, subsequently
reacting with O(ads) to form HZO(ads) that readily desorbs. Similar reaction phenomena were observed with
N,O+H,/Rh and O,+H,/Rh systems in the same temperature range, but not with the CO+H,/Rh system (Fig1-
left): this indicates the absence of CO dissociation on Rh under the reaction conditions and shows the crucial
role of O(ads) in the mechanism. Our observations are in line with the occurrence of the Reverse Water Gas
Shift reaction (CO,(9)1+H,(g) — CO(g)+H,0O(g)). Direct local chemical analyses performed by 1DAP revealed
the presence of rhodium oxides species - RhO** and RhO,** - as well as CO, and its dissociation products.
CO?, CO* and O, are detected in the first layers of a (115) facet of the Rh nanoparticle during an exposure
to pure CO, at 325K.
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Contrasting dynamics for aryl- and alkyl-halide surface-reaction at copper

CATL Catalytic 2D-model studies at low pressures

Lydie Leung, Matthew J. Timm, Kelvin Anggara, Tingbin Lim, Zhixin Hu, John C. Polanyi

Lash Miller Chemical Laboratories, Department of Chemistry, University of Toronto, 80 St. George Street,
Toronto, Ontario, M5S 3H6, Canada

Electron-induced carbon-halogen bond-breaking in aryl molecules adsorbed on copper has been shown
to be mainly localized to an adjacent copper site ~ 3-4 A away. Here we contrast the reaction of phenyl
and pentyl bromide on Cu(110), studied by scanning tunneling microscopy (STM) at 4.6 K. On electron-
impact the atomic Br was observed in this work to recoil along the C-Br bond-direction giving localized
reaction for phenyl bromide (PhBr) whereas Br from pentyl bromide (PeBr) recoiled in the majority of
cases to substantially larger distances of 10-20 A.

The molecular dynamics of these electron-induced reactions were computed using an Impulsive-Two-
State model, in which the systems resided in an anionic excited state for a time, t*, and then returned to
the ground electronic state. It was found that for PhBr the molecule when excited for the minimum t*
required for C-Br bond-breaking gave the observed localized reaction. By contrast, two to three times the
minimum t* was required to account for the observed long-range recoil of the Br-atom from PeBr. The
marked difference in the observed recoil distances for Br from PhBr and PeBr suggests that in the case
of PeBr the system stays for a significantly longer time on the electronically excited state with extended
repulsion between the Br and the pentyl radical.
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An in-situ study of Sn deposition into nano-porous ordered anodic aluminum
oxide

ELCH Electrochemistry at surfaces
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Division of Synchrotron Radiation Research, Lund University, SE-22100 Lund, Sweden

Aluminum and its alloys are used in a wide range of products and applications because of their characteristic
properties: low density, high strength, good thermal conductivity and corrosion resistance. A native self-
limited aluminum oxide is naturally formed on aluminum, protecting the metal from corrosion and has
self-healing properties [1,2]. To increase the corrosion resistance, the thickness of the oxide layer can be
increased by electrochemical means, a process called anodization [3], which forms a porous aluminum
oxide with a thickness of several microns. However in recent years it has been discovered that, under certain
electrochemical conditions, ordered nano-porous Anodic Aluminum Oxides (AAO) can be grown [4], which
can be used as templates for nano structures, by the electro-deposition of metals into the nano-pores.

We have conducted in situ studies of the electro-deposition of Sn into ordered nano-porous AAO
templates using Grazing Incidence Small Angle X-ray Scattering (GISAXS) and X-Ray Fluorescence (XRF)
spectroscopy. The AAO templates were created by a two-step anodization process, where the second
anodization step was continuously imaged using GISAXS to follow the growth of the AAO. To facilitate
the deposition of metals into the pores, a widening of the pores and thinning of the barrier oxide layer
was done by either a chemical etch or through stepping-down the anodization potential. Deposition
of Sn into the AAO pores was done with an alternating potential. The deposition was studied in situ by
anomalous GISAXS and XRF. Measurements were conducted at energies close to the x-ray adsorption
edge for Sn at 29 keV and far away from the edge at 12 keV. While the anomalous GISAXS did not show
significant changes during the deposition, the XRF clearly revealed an accumulation of Sn at the sample,
and a clear change in color of the sample could be observed after the measurements. Ex situ FIB-SEM
measurements supports the accumulation of Sn inside the pores.

CCD detector

Fluorescence
detector

Scan sample
through beam

Figure 1: lllustration of the experimental setup. The left image shows a typical GISAXS image of the
nano-porous AAQO during a second anodization stage.
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Density driven sodium 2D phase transformation on epitaxial graphene

GRAP Graphene and carbon-based 2D films
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Graphene is an easily accessible platform whose unique properties can accordingly be taylored along
various strategies [1, 2] . Decorating graphene with adsorbates has been proven to be an efficient such
strategy and, among the others, alkali metals (e.g. Li, Na, Cs, K) have been extensively explored due to
their well known capability to transfer charges to graphene [3, 4]. Resolving and controlling the structure
of alkali atom phases decorating graphene from atop (adsorbed) and below (intercalated) is of uttermost
importance, as: i) it permits to rationalise and control the charge transfer, hence to control electronic
doping and work-function; ii) it opens the way to breaking the equivalence of the two carbon sub-lattices
in graphene, hence to generate the often elusive band-gap at the Dirac point.

We will present the so-far unknown [3] structural evolution, as a function of density, of a Na layer deposited
on epitaxial graphene grown on an Ir(111) single crystal. By means of in-opernado reflection high energy
electron diffraction (RHEED) we discovered multiple periodicities in two-dimensional Na lattices, with a
succession of plateaux in the evolution of the lattice parameter [5]. We interpret our observations as the
evidence of a first order phase transition, whereby the repulsive Na-Na interactions lead the system to
lock first on the Ir lattice, second on the graphene lattice, as the Na density increases. The second phase
nucleates and progressively spreads in the first one, eventually replacing it.

Figure 1. Representative RHEED
pattern of graphene/Ir(111) during
Na deposition (17.0keV electron
beam primary energy, incidence
angle <5°, electron beam aligned
along the (1,-2,1) direction with
respect to the Ir(111) surface).
Colored arrows highlight the contri-
butions coming from graphene
(grey), Na (purple) and Ir(111)
(Blue). All the additional diffraction
streaks, except for the specular
one (pointed by the white arrow),
are due to moiré interference
effects.
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Cerium oxide combined with platinum nanoparticles is a material in which the synergy between the
two constituents provides additional functionalities, very interesting for catalytic applications. To obtain
an atomic scale description of the interaction between the metal and the oxide, and thus understand
the origin of properties which arise from their combination, the system can be studied in the form of an
inverse model catalyst, i.e. as ultrathin epitaxial oxide films on metal single crystals.

With this aim we studied cerium oxide films grown on the Pt(111) surface. We have shown in previous
work that films of subnanometer thickness have a much higher reducibility than the surface of thicker
films and we ascribed this evidence to the interaction with platinum [1]. In the present work we used
low-energy electron microscopy (LEEM) and spatially-resolved low-energy electron diffraction (u-LEED)
to characterize the as-grown inverse model catalyst [2] and study in real-time the morphological and
structural modifications occurring in the system during reduction and oxidation. The reduction was
induced by thermal annealing in ultra-high vacuum and in hydrogen partial pressure, and by deposition
of metallic cerium on the surface of thicker films. From the comparison of the structural and morphological
evolution in the three cases we obtain important information on the interaction between platinum and
cerium oxide. An example of the morphological modifications observed after thermal reduction and
reoxidation is shown in Figure 1.

Figure 1: LEEM images acquired at E=12 0 £V on a cerium oxide sample grown at 770 °C on Pt{111): a) as-grow: b)
after the reducing treatm ent in UHV ; ) after re-oxidation
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The misfit structure between the Pd(100) and PdO(101) under reaction conditions

CATH Catalytic 2D-model studies under high pressures
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The details of the oxygen induced (v/5xv/5)R27° structure on Pd(100) [1-3] was studied by Surface X-Ray
Diffraction (SXRD) during the catalytic oxidation of CO using a pressure of 200 mbar and a temperature
of 300°C. It is shown that the misfit of the PAO(101) layer on the Pd(100) gives rise to a diffraction pattern
deviating from that of a perfect (/5xv/5)R27° due to a lattice mismatch between the PdO(101) and the
Pd(100) in essentially one direction. The presence of four rotated domains significantly complicates the high
resolution SXRD diffraction pattern, a pattern not observed in standard Low Energy Electron Diffraction
(LEED) duetothe lowerresolution.To reproduce the observed diffraction pattern, we constructed anumber
of different models of larger PdO(101) unit cells including various types of mismatch. By comparing the
calculated diffraction patterns to the observed pattern, we find that only a model including a periodic
rigid shift of the Pd and O atoms in the PdO(101) in the incommensurate direction (the [011] substrate
direction) explains the experimental diffraction pattern [4]. Surprisingly, despite the fact that the SXRD
data is recorded under harsh reaction conditions, the results are in qualitative agreement with Scanning
Tunneling Microscopy (STM) observations performed under Ultra High Vacuum (UHV) conditions.
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Redox interactions in the metal-oxide systems can be utilized to design advanced materials for applications
in catalysis. In our studies, we show that sub-nanometer Pt particles on ceria can be formed by reduction of
atomically dispersed Pt** species triggered by the interaction with reducing agents, e.g. Sn. The sequence
of reactions involves oxidation of Sn° to Sn?* coupled with the reduction of Ce* to Ce**. Consecutively,
the redox coupling between the Ce** and Pt** species triggers the reduction of Pt** species yielding
sub-nanometer Pt particles. By means of synchrotron radiation photoelectron spectroscopy, resonant
photoemission spectroscopy, and angle-resolved X-ray photoelectron spectroscopy, we followed the
conversion of Pt** species as a function of the Sn concentration in the Pt-CeO, films. The onset of the
reduction of Pt** species was found to be directly related to the concentration of Ce** centers which, in
turn, is controlled by the concentration of Sn** cations in the Pt-CeQ, film. On average, formation of 6 Ce**
centers, corresponding to the adsorption of 3 Sn atoms, gives rise to the reduction of one Pt** species.
According to density functional modeling, adsorption of three Sn atoms in the vicinity of the Pt** species
results in a rearrangement of the local coordination accompanied by substantial destabilization of the
Pt?* species with respect to the adsorption of Pt° atoms.
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The formation mechanism of the p(2x3) reconstruction on Mo(112) surface

OXID Oxide surfaces and ultrathin oxide films

Teng Ma, Xue Bao
Shenyang Agricultural University

Oxygen induced reconstruction and oxidation of Mo(112) surface has shown various surface structures
in model catalysis and surface studies. Because of its complexity, the p(2 x 3) reconstruction has been
modeled as several patterns and its formation mechnism was not well clarified. In this report, a critical
precursor or the unfinished of p(2 x3) reconstruction has been observed during the evoultion processes
by using STM, XPS and HREELS methods. For the Mo(112) surface exposed to 5.0x10°® mbar O,, the p(2x3)
reconstruction is a complex and stepwise process, during which the clean metallic surface experience
the initial oxidation to form dispersed oxide particles at nanoscale, and then consecutive reduction and
structural rearrangement of molybdenum oxides to the ordered nanostructures. The features of surface
structures are also temperature-dependent, a mixture of dispersed nanoparticles of molybdenum oxide
and one-dimensional nanostructures occurs in the [-1-11] direction after O, dose at 605 K, while two-
dimensional nanostructures or the p(2x3) reconstruction occurs until above 710 K. Our findings would
give a good explanation about some hurdled questions about the apperance of p(1x3) features in the
LEED patterns and antidomain dislocations in the STM images of the p(2x3) reconstruction.

References:
1. J. Seifert and H. Winter, Surf. Sci. 2013, 610, L1-L5.
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Aromaticity is one of the most relevant yet intriguing concepts in chemistry. In 1931, Hiickel suggested
his wellknown rule to explain the “extra stability” of planar monocyclic molecules that contain [4n+2]
m-electrons in a conjugated system. With some limitations, the concept was later extended to polycyclic
conjugated hydrocarbons (PCHs), based on the number of Clar sextets, or the presence of conjugated circuits
with [4n + 2] m-electrons within a particular structure. In 1967, Breslow introduced the term antiaromaticity
as the inverse to aromaticity, in order to explain the destabilization of molecules with [4n] m-electrons in
a cyclic conjugated system [1]. Among PCHs with antiaromatic character, indeno[1,2-b]fluorene (IF) is a
remarkable example. Compare to pentacene, the most prominent p-type organic semiconductor with five
linearly fused six-membered rings and 22 m-electrons in its larger aromatic conjugate circuit ([4n + 2], n =5),
IF presents a 6-5-6-5-6 fused-ring motif and a formally antiaromatic 20 m-electron conjugate system ([4n], n
= 5). The IF closed-shell structure with a central para-quinodi methane core and two Clar sextets might be
in resonance with the IF” open-shell diradical structure with three sextets [2,3]. As a result, unsubstituted IF
is presumed to be an extremely reactive PCH and in fact it has never been synthesized or even detected.
Advances in atomic force microscopy (AFM), particularly resolving and modifying the structure of molecules
at the atomic scale [4], have opened new routes in the chemistry of highly reactive compounds [5,6].

Here we present the generation and characterization of indeno[1,2-blfluorene (IF) for the first time. We
deposited custom synthesized precursor, 6H,12Hindeno[1,2-b]fluorene (2) molecules on Cu(1 1 1) partly
covered by bilayer NaCl islands. A Cu tip was positioned above the center of a precursor molecule 2 at a tip
height corresponding to an STM setpoint of V=0.1 Vand | =1 pA. Then the feedback loop was opened, the
tip was retracted by few A to keep the current below | = 0.1 nA and the sample voltage V was increased until a
step change in the tunneling current occurred indicating a manipulation event. Typically, dehydrogenation
occurred for sample voltages above +3.5 V on both surfaces being consistent with previous experiments to
remove a single H from CH2 groups [6]. On Cu(111) two hydrogens were removed sequentially, giving rise
to two distinct steps in current, whereas on 2ML NaCl two dehydrogenations happened simultaneously

(Figure).
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Due to their extended pi-systems, polyaromatic molecules appear as convenient organic semiconductor
materials for many technological applications such as organic electronics and optoelectronics.
[1] Besides, hybrid organic-inorganic materials consisting of the combination of organic semiconductors
and transition metal oxides have attracted great interest due to their complementary properties. In this
contribution we present a comprehensive analysis of the energy level alignment at the interface between
an organic monolayer (PTCDA, ZnTPP and TCNQ) and a prototypical oxide surface, TiO,(110), looking
for universal behaviors. PTCDA shows a physisorbed interaction with TiO, and a small interface dipole
potential with its HOMO energy level located in the oxide energy gap and the LUMO energy level located
above the oxide conduction band minimum, E.. We analyze how the interface barrier depends on an
external bias potential between the organic layer and the oxide surface, D, and find for this interface
that the screening parameter S = d(E. - HOMOQ)/dD is close to 1. In the second case, the ZnTPP monolayer
shows a moderate chemisorbed interaction with some charge transfer from the molecule to the oxide
and a significant interface dipole potential, in such a way that S decreases to around 0.8.[2] In the TCNQ/
TiO,(110) case, the TCNQ molecules present a strong chemical interaction with the oxide; the LUMO energy
level is located in the oxide energy gap in such a way that one electron is transferred from the oxide to
the organic molecule; we also find that in this case S ~ 0.5.[3] All those cases can be integrated within
a universal behavior when (E-HOMO) is calculated as a function of D (see Figure); that function presents
a zig-zag curve with a central part having a S-slope, and two plateaus associated with either the LUMO
or the HOMO energy levels crossing the oxide Fermi level. In these plateaus, a Coulomb blockade regime
appears and a space charge layer appears in the oxide surface.
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minus the molecule HOMO level at RT conditions is depicted as a function of the relative positioning of
the organic molecule w.r.t. the oxide energy levels
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Bragg diffraction of surface state electrons

PISC Photo-Induced Surface Chemistry

Alberto Martin-Jiménez, David Ecija, Rodolfo Miranda, Roberto Otero
IMDEA-Nanoscience, Universidad Auténoma de Madrid C/Faraday 9, Madrid, Spain, 28049

STM has become a very powerful technique for studying quasi-particle interference of 2D materials.
Quantum interference of scattered electrons results in standing wave patterns which correspond to
Local Density of States (LDOS) maps at given energies. In previous experiments, the scattering centers
were either randomly distributed over the surface, or an ordered array of them was created by atomic
manipulation. In the former case, the need to observe several oscillations of the standing wave pattern
between the scatterers required the they should be spaced by distances significantly larger than the
wavelength of the surface state electrons, where as in the latter case, the scatterers are kept at distances
of the order of the lattice pare meter of surface atoms, and therefore are small compared with the
wavelength of surface state electrons.

Here we present an experimental study on the standing wave pattern produced by the interaction of the
surface state electrons of the Cu(111) surface with the ordered edges of TCNQ (tetracyanoquinodimethane)
self-assembled islands, which present a periodicity of about 3.5 nm, very close to the Fermi wavelength
of surface state electron. Energy-resolved 2D maps clearly indicate that the molecular island edge acts
as a diffraction nano-grating, leading to a discrete set of preferred scattering orientations which can be
described by Bragg coherent diffraction from a periodic set of scatterers. Moreover, such effect leads to
the existence of electronic sub-bands corresponding to different diffraction indices, which are accessible
through a Fourier analysis of STS spectra recorded along lines perpendicular to the step edge. These
experiments are thus equivalent to a 2D LEED experiment performed by STM, and opens the possibility
to build monochromators and filters for electrons in 2DEGs in analogy with optical devices.

E(eV)
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Real-space visualization of the pair correlation function in a 2D molecular gas

ORGS Organic molecules on solid surfaces

Peter Matvija, Filip Rozboil, Pavel Sobotik, lvan Ostadal, Pavel Kocadn
Faculty of Mathematics and Physics, Charles University, Prague, Czech Republic

Properties of matter in fluid phases, determined by the interactions between particles, can be described
by the pair correlation function. The function is defined as ensemble-averaged particle density (PD) at a
given position relative to a reference molecule. We demonstrate that the scanning tunneling microscope
(STM) is capable to directly visualize the PD in the real space in the case of two-dimensional (2D) molecular
gas on weakly interacting surfaces.

We use the STM to study highly mobile molecules of fluorinated copper phthalocyanine on the Si(111)/
TI-(1x1) surface. A slow mechanism of STM imaging results in the time-averaging of molecular occurrence
under the STM tip. The obtained image represents a map of local density of the 2D gas (see the figure). We
show that in the proximity of fixed molecules the images represent directly the pair correlation function.
We support the data interpretation by lattice-gas kinetic simulations and we use the method to analyze
interactions between the molecules and surface defects.
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lon irradiation produces various defects on the surface and in surface close regions. A special type of
defect is produced if an interface is subjected to ion irradiation; in this case a mixture of atoms of the
neighbor regions forms. Such regions possess high internal energy which drives various relaxations
resulting in atomic rearrangements even at room temperature. During the relaxation of the intermixed
region compound formation might occur. The formation of stable compounds of high heat of formation
as well as the formation of metastable compounds has been reported. The compounds in many cases
form three-dimensional nanoparticles but intermixing of the components through continuous layer
formation was also reported.

In this contribution we will report ion irradiation-induced compound formation observed on C/Ni, Si/Cr,
C/Si, C/Ta and Si/C interfaces. The variety of heats of formation as well as differences in the stability of
the compounds resulted in intermixed regions with different micro and nanostructures. The morphology
of the produced compound also varies considerably. We have observed either layer type growth or the
formation of a matrix enriched by embedded compound nanoparticles. We will attempt to define classes
of compound formation based on the physical and chemical properties of the intermixing elements.
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Enantioselective heterogeneous catalysis is a promising method for the synthesis of enantiopure chiral
compounds for fine chemical, pharmaceutical and agrochemical industries. One successful approach
involves the modification of a metal surface by a chiral modifier. Nevertheless, despite its great potential
and economic advantages, only a small number of successful systems have been developed so far [1].
Moreover, most of fundamental works have been devoted to model systems based on single crystal metal
surfaces while the role of the oxide support in supported metal catalysts have usually been overlooked.
However, to date, fundamental questions remain on the role of the oxide support on the chiral induction
during the reaction. A detailed understanding of the reaction mechanism and the mode of action of
the chiral modifier requires therefore knowledge of the interactions at a molecular level between the
three partners: oxide support, metal nanoparticles and chiral modifier. In this respect, surface science
techniques provide fundamental insights into the physics and chemistry of such systems.

In this work TiO, single crystals, nickel nanoparticles (NPs) and tartaric acid (TA) have been chosen as
model oxide support, metal nanoparticles and chiral modifier, respectively. Deposition of nickel and
tartaric acid are performed by evaporation on a rutile TiO,(110) single crystal under ultra-high vacuum
condition. The so-obtained surfaces are then fully characterised by combining several in situ surface
science techniques such as Scanning Tunnelling Microscopy (STM), X-Ray Photoemission Spectroscopy
(XPS) and High Resolution Electron Energy Loss Spectroscopy (HR-EELS) in order to probe the surface
organization and chemical state of both Ni NPs and TA.

At early stages of growth, we show that nickel forms small clusters of uniform size, in agreement with
thermodynamic expectations. By increasing the deposition time and hence the coverage, the cluster
density rather than the island size increases.

Tartaric acid is then deposited on (i) the clean TiO, surface and (ii) on the Ni/TiO, system, for different
TA coverage values at a given Ni NP coverage. By monitoring the C 1S peak we are able to study the
influence of several key parameters on TA deposition: surface structure, surface hydration, Ni density and
type of TA enantiomer. By means of complementary STM and HREELS data is possible to gain insight on
the chemical state, adsorption geometry and 2D organisation of tartaric acid enabling to decipher the
interactions between the partners.

References:
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SnO, is an important material for a number of applications, including gas sensing and catalysis [1], and
its usefulness is in many cases related to the oxide’s reducibility. However, a detailed understanding of
some of the functions of the material is missing due to an incomplete understanding of the structures
of different SnO, surfaces under different conditions. The most stable termination plane of rutile SnO2 is
the (110), which is similar to TiO,(110) and RuQ,(110) [1]. Reduction of the Sn02(110) surface by heating or
sputtering and annealing leads to formation of several ordered and disordered phases, the most well-
ordered of which is the (4x1).

The surface structure of the SnO,(110)-(4x1) has been studied previously by several methods, and a
model consisting of in-plane oxygen vacancies appeared initially to explain the reconstruction. However,
observations of defects in the structure by STM [4] as well as theoretical modeling by DFT [5] cast doubt
on this model, and it was suggested instead that the structure consists of a reduced SnO overlayer, though
the atomic structure remained unclear.

We have studied the SnO,(110)-(4x1) reconstruction by a combination of Surface X-Ray Diffraction (SXRD),
X-Ray Absorption Spectroscopy (XAS), Density Functional Theory (DFT), and quantitative Low Energy
Electron Diffraction (LEED). The SXRD measurements indicate that the Sn sublattice of the structure
consists of a single atomic layer atop the SnO,(110) surface in a quasi-hexagonal arrangement. While
the oxygen atoms are more difficult to observe in SXRD, XAS directly indicates the presence of Sn(ll) in
the structure, suggesting an oxygen depleted Sn,0, structure. Using an evolutionary algorithm based
on density functional theory calculations, an Sn O, overlayer was identified that agrees well with the
SXRD measurements and is predicted to be more stable than any other calculated structure over a wide
range of oxygen chemical potentials. LEED-IV calculations for the structure show excellent agreement
with experiment and simulated STM images agree well with those published previously.
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Figure: Model of the SnO,(110)-4x1 structure

References:

[1] M. Batzill and U. Diebold, The surface and materials science of tin oxide. Prog. Surf. Sci. 2005, 79,
47-154.

[2] F.H.Jones, R. Dixon, J. S. Foord, R. G. Egdell and J. B. Pethica, The surface structure of Sn0,(110)
(4 x 1) revealed by scanning tunneling microscopy. Surf. Sci. 1997, 376, 367-373.

[3] A.Atrei, E. Zanazzi, U. Bardi and G. Rovida, The SnO,(110)(4x1) Structure Determined by LEED
Intensity Analysis. Surf. Sci. 2001, 475, L223-L228.

[4] M. Batzill, K. Katsiev and U. Diebold, Surface Morphologies of SnO,(110). Surf. Sci. 2003, 529, 295-311.

[5] J.Oviedo and M. J. Gillan, Reconstructions of strongly reduced Sn0O,(110) studied by first-principles
methods. Surf. Sci. 2002, 513, 26-36.

183



27 AUG - 1 SEP 2017
SZEGED, HUNGARY

A& €COSS 33 ORAL PRESENTATIONS

Tue-11:20-0-OXID
Probing in situ the wetting at metal/oxide interface via plasmonics combined with
photoemission

OXID Oxide surfaces and ultrathin oxide films

M. Messaykeh', R. Lazzari', J. Jupille’, G. Cabailh', T-H.L Le", J. Goniakowski ',
C.Noguera', S. Chenot', A. Koltsov?, J.-M. Mataigne ?

! Institut des NanoSciences de Paris, CNRS UMR7588, Sorbonne Universités, Université Paris VI, 75005 Paris,
France;
2 Arcelor Mittal Maiziéres Research, 57280 Maiziéres-lés-Metz, France

The in situ and real time characterization of the wetting of a surface by growing films is a crucial issue
in surface science [1]. We address herein the case by combining plasmonics sensitivity to morphology
(UV-vis Surface Differential Reflectivity Spectroscopy, SDRS [2]) and X-ray Photoelectron Spectroscopy
(XPS) sensitivity to chemistry to study the effect of a metallic buffer (Cr) on a metal/oxide interface
(Zn/a-Al203(0001)). The system is inspired by the new Advanced High Strength Steel grades used in the
automotive industry. However, its drawback is to exhibit segregated oxide adlayers (here alumina) that
prevent the adhesion of Zn necessary in the galvanization process.

Our fundamental study performed at 300 K involves (i) Cr/ALQ, film growth for different thicknesses of
Cr and (i) deposition of Zn (16A) overlayer on top. Cr allows Zn sticking on ALO, at 300 K while much
lower temperature (100K) is required to reach a sizeable
condensation of Zn on bare alumina [2,3]. At early stages
of growth, SDRS shows that Cr forms initially 3D clusters
that cover partially the surface of alumina until an early
percolation for kinetic reasons. Photoemission points at Cr
in metallic state and the lack of reduction of alumina. Only
a reaction limited to surface OH is detected. Concerning
Zn sticking, the thickness of deposited Zn determined
through XPS correlates with the Cr thickness (Fig. a). Both
the shape of the Zn LMM Auger transition and the Auger
parameter (@=2013.9eV) highlight metallic zinc (Inset of Fig. 1
a). Consistently, dielectric simulation of experimental SDRS of e

a Zn film grown over a thick Cr deposit that completely covers Ciickia s A) )
alumina (Fig. b) reveals a 2D morphology (that contrasts with
the 3D growth on alumina at 100 K, Fig. b) in agreement
with ab initio predictions on Zn/Cr/ALO, [4]. Finally, Zn is b)
shown, both experimentally and theoretically [4], to poorly *
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Many particle collective diffusion in an arbitrary one-dimensional potential
landscape

COMP Computational surface chemistry and physics

Marcin Mirnkowski, Magdalena A. Zatuska-Kotur
Institute of Physics Polish Academy of Sciences

We present the general expression for collective diffusion coefficient of non-interacting particles in an
arbitrary one-dimensional energetic potential. The result is derived by means of a variational approach to
diffusion [1,2] and is expressed as a function of the jump rates between the potential minima, temperature
and coverage. Quasi-one-dimensional diffusion occurs in real systems at low temperatures, when jumps
along one of the directions are much more probable than those along the other directions. An example
of such a system are Pb atoms on Si(553)-Au surface [3]. The result is compared with the expression
obtained by effective-medium approximation [4], which takes into account the correlation only between
two neighbouring potential minima involved in the jump. The diffusion coefficient obtained in the
variational approach takes into account long-range correlations, which are particularly important in non-
homogenous systems. That gives more accurate values of diffusion coefficients than effective-medium
approximation. Our formulas are able to distinguish potentials which differ only by the sequence of
energetic barriers.
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Wed-10:00-O-COMP @
Calculation of molecular conductance ‘on the fly’

COMP Computational surface chemistry and physics

Enrigue Montes, Héctor Vazquez
Institute of Physics Czech Academy of Sciences — Prague, Czech Republic

We present a computational scheme based on DFT to compute the conductance of single-molecule
junctions ‘on the fly’. We carry out Nose-Hoover molecular dynamics simulations of a molecular junction
at room temperature in the canonical ensemble and apply an approximation to estimate its conductance
from the electronic structure of the molecule.

In the talk | will describe its implementation in the SIESTA code [1]. The methodology is implemented
inside the coordinate relaxation cycle of the SIESTA algorithm, after each self-consistent loop. After
calculating conductance in the approximate scheme, tThe Nose scheme updates the coordinates and
continues with the normal calculation path. After the whole molecular dynamics run, SIESTA has a normal
exit, writing an additional file that contains the calculated conductance for each MD step.

| will discuss details of the implementation and compare calculation times with standard transport
simulations. | will illustrate the method for a pair of molecular junctions, having a conjugated ring and
methyl sulfide linkers [2]. In one of the molecules, the orientation of the metal-molecule bond with
respect to the pi system is locked by chemical design, hindering rotations of the conjugated core.
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Tue-10:00-O-ORGS
Adsorption of anthracene and pentacene on coinage metal surfaces: coverage
effects and the role of the van der Waals interactions

ORGS Organic molecules on solid surfaces

Juliana M. Morbec, Peter Kratzer
Faculty of Physics, University of Duisburg-Essen, Duisburg, Germany

Understanding the interactions between metal surfaces and organic molecules—such as anthracene and
pentacene, which have great potential for optoelectronic applications—is essential for electric contacts
in organic electronics. In this work we use first-principles calculations to investigate the adsorption of
anthracene and pentacene on coinage metal surfaces (especially Ag(111)), examining the effects of the
van der Waals (vdW) interactions on the structural and electronic properties of these systems. We consider
different coverages to disentangle the energy contributions to the molecule-molecule and molecule-
surface interactions. Our results show, for example, that vdW interactions strongly affect the stability
and structural properties of both anthracene/Ag(111) and pentacene/Ag(111), but have little effect on
the electronic properties of these systems once the correct geometry has been obtained [1]. We found,
in particular, that the inclusion of vdW interactions is crucial to correctly describe the flat adsorption
geometry of anthracene/Ag(111) observed in experiments [2]. Moreover, we found that the adsorption of
anthracene induces a larger reduction in the work function of the Ag(111) surface than pentacene, which
is consistent with the stronger physisorption character observed in anthracene/Ag(111) [1]. We will also
discuss the change in the work function and adsorption energy as function of the coverage.
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Tue-15:20-0-ELCH
Oxygen reduction reaction by pyridinic nitrogen-containing carbon
electrocatalysts

ELCH Electrochemistry at surfaces

Riku Shibuya', Junji Nakamura?, Yuto Shimoyama', Takahiro Kondo ?

" Graduate School of Pure and Applied Sciences, University of Tsukuba;
2 Faculty of Pure and Applied Sciences, University of Tsukuba

Nitrogen containing carbon materials have been reported to show catalytic activities such as an oxygen
reduction reaction (ORR) in fuel cells. Among several types of nitrogen species in carbon materials, pyridinic
nitrogen (nitrogen atom bound to two C atoms) was found to create ORR active sites in our previous work
[1]. We then try to prepare catalytically active carbon surfaces covered with pyridinic nitrogen-containing
aromatic molecules with high density. Here we report model catalyst studies using HOPG (highly oriented
pyrolytic graphite) electrode covered with pyridinic nitrogen-containing aromatic molecules (dibenz[a,]
acridine (DA) molecule). The DA molecules were deposited on HOPG with different coverage by simply
dropping solutions of the DA molecules at room temperature. Scanning tunneling microscopy (STM)
measurements revealed that a well-ordered two-dimensional structure of DA monolayer is formed on
HOPG surfaces with high densities via n-mm interaction, rather than aggregates to form three-dimensional
clusters. The nitrogen concentration of the DA-covered HOPG surfaces was estimated to be 0.5~1.5 at.%
by XPS. The DA-covered HOPG model catalysts reveled activities of ORR. The specific activity per pyridinic
nitrogen atom was estimated to be 0.08 (e sec’ pyriN') at 0.5 eV, which is comparable to that for pyridinic
nitrogen incorporated graphene sheets (0.07 ~ 0.14 (e sec’ pyriN"))[1]. The current densities at 0.1, 0.2,
and 0.3 V vs RHE were in proportional to the surface coverage of DA molecules, indicating that the ORR
active site was created by DA molecule adsorbed on HOPG. The present studies clearly show that fixing
nitrogen-containing aromatic molecules on graphitic carbon materials is one of promising approaches to
prepare active ORR carbon catalysts.

References:
[11 D.Guo, R.Shibuya, T.Kondo, J.Nakamura, et al., Science, 351 (2016), 361-365.

188



27 AUG - 1 SEP 2017
SZEGED, HUNGARY

A& ecoss 33 ORAL PRESENTATIONS

Tue-9:00-O-MAGN @
Spin reorientation in fcc Fe thin films with Mn overlayer

MAGN Surface and molecular magnetism

S. Nakashima, T. Miyamachi, Y. Takahashi, F. Komori
Institute for Solid State Physics (ISSP), University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa — Chiba (Japan)

In magnetic multilayers, interfaces play a key role in determining the overall magnetic properties which

are of fundamental interest and of technological importance for device applications. The magnetic
properties, e.g., magnetic moment, magnetic anisotropy and exchange interaction, rely much on their
interfacial conditions such as intermixing and roughness. One of the interesting effects induced by the
presence of the interface is a change of the magnetic anisotropy due to adsorbates and overlayers, which
is known as a spin reorientation transition (SRT) and has been studied over two decades. The structure
and intermixing at the interface can be investigated during its formation process by the deposition of the
overlayer atoms using scanning tunneling microscopy (STM) on an atomic scale.

In the present study, we combine STM and X-ray magnetic circular dichroism (XMCD) to make clear
the correlation between the interface structure in an atomic scale and magnetic anisotropy for a
ferromagnetic (FM) film with anti-ferromagnetic (AFM) overlayers. We chose an fcc Fe thin film on Cu(001)
as a FM layer and Mn overlayers as AFM layers. The electronic and magnetic properties of the fcc Fe films
are sensitive to the surface structural changes [1,2]. The Mn overlayers with a thickness between 0.5 and
5 monolayer were grown at room temperature in an ultrahigh vacuum. In the Fe fcc phase, the topmost
two Fe layers couple ferromagnetically with the magnetic easy axis perpendicular to the surface plane.
We found the Mn overlayers modified the magnetic properties of the Fe and induced SRT to the in-
plane magnetization by XMCD. Atomically-resolved STM observations revealed that Mn and Fe atoms
were mixed at the interface. The observed SRT was driven by the formation of alloy layers at the Mn/Fe
interface, which depends on the amount of the deposited Mn atoms.
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Wed-11:40-O-BAND
Valence band structures of the single crystal pentacene

BAND Band structure of solid surfaces

Masataka Hikas ', Yasuo Nakayama', Koki Yoshida', Mimi Murata ', Yuta Mizuno?,
Shinichiro Ideta?, Kiyohisa Tanaka?, Nobuo Ueno? Takahiro Ueba?, Satoshi Kera**
"Department of Pure and Applied Chemistry, Tokyo University of Science, Japan;

2 Graduate School of Advanced Integration Science, Chiba University, Japan;
3 Institute for Molecular Science, National Institutes of Natural Sciences (IMS), and SOKENDAI, Japan

Charge carrier transport mechanisms in pi-conjugated molecular solids still involve essential questions
unsolved in spite of recent successful application of organic electronic devices utilizing these organic
molecules as semiconductor materials. Valence electronic structures of the molecules determine the
transport phenomena and thus are important subjects in both fundamental and practical viewpoints.
Pentacene (CH,,) is one of the most representative organic semiconductor materials exhibiting large
charge carrier mobility. The valence electronic structures of the single crystal of this molecule have
therefore been of greatinterest as key knowledge to resolve intrinsic nature of the transport mechanisms
in the organic semiconductor materials. In the present work, the valence band structures of the single
crystal pentacene are demonstrated by means of two sample charging-durable methodologies,
photoconductivity-assisted angle-resolved ultraviolet photoelectron spectroscopy (ARUPS) [1] and

photoelectron yield spectroscopy (PYS) [2].

The single crystal samples of pentacene were prepared through recrystallization in a purified nitrogen
stream. Oblong plates of the crystal were taken out to the ambient condition (ex-situ samples) or were
transferred to a glove box filled with N, (in-situ samples), and subsequently posted onto pieces of
conductive carbon tape to bound onto Au-coated Si substrates. ARUPS measurements were conducted
by A-1 analyzer (MB Scientific) at IMS under illumination of cw laser light (405 nm) for relieving
photoemission-induced sample charging. PYS measurements were carried out by a home-built system
where the photoelectron yield is counted as the electric current by a precise ammeter.

Figure 1 shows an ARUPS spectral image of an ex-situ pentacene single crystal (Pn-SC) sample taken
along a diagonal direction of the surface Brillouin zone at room temperature [3]. The excitation photon
energy was set at 10 eV for the sake of probing a deeper region through the surface first molecular layer
containing ca. 2% oxidized species [4] due to exposure the Pn-SC surface to the ambient condition [5].
The ARUPS results clearly exhibit that the highest-occupied molecular orbital (HOMO) of the Pn-SC forms
two valence bands with significant energy-momentum dispersion. Intermolecular transfer integral and
hole effective mass values of the Pn-SC are evaluated to be -0.043 eV and 3.43-times electron rest mass,
respectively, at the valence band maximum. Cooling the temperature to 110 K expands the width of
the valence bands, which accordingly leads enhancement and reduction of the transfer integral and
effective mass, respectively, by ca. 20%, as shown in Fig. 2. The threshold ionization energy of the
Pn-SC are determined to be 4.95 eV by PYS results, which is slightly greater than that of the bulk film
of pentacene. Accurate valence band structures of the in-situ Pn-SC samples are also discussed in this
contribution.
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Fig. 1: ARUPS image of the Pn-SC taken at RT. The shallower and deeper valence bands are shown in red
and blue, respectively. (t: transfer integral, mh*: hole effective mass, mO: electron rest mass)
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Fig. 2: ARUPS image of the Pn-SC taken at 110 K.
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Tue-15:00-0-ORGS
Covalent and periodic functionalization of graphene/Ru(0001)

ORGS Organic molecules on solid surfaces

Juan Jesus Navarro 2, Fabian Calleja?, Rodolfo Miranda 2, Emilio M. Pérez %3,
Amadeo L. Vazquez de Parga'?

" Departamento de Fisica de la Materia Condensada and IFIMAC, Universidad Auténoma de Madrid, Spain;
2IMDEA Nanociencia, Madrid, Spain;
* Departamento de Quimica, Universidad Auténoma de Madrid, Spain

The organic covalent functionalization of graphene with long-range periodicity could pave the way to
control the electronic, optical, or magnetic properties of graphene-based devices, a subject of great
interest. In this work we describe a method for the covalent modification of graphene with strict spatial
periodicity at the nanometer scale under ultra-high vacuum conditions. The periodic landscape is
provided by a single monolayer of graphene grown on Ru(0001) that presents a moiré pattern arising from
the mismatch between the carbon and ruthenium lattices [1]. The moiré contains periodically arranged
areas where the graphene—ruthenium interaction is enhanced and show higher chemical reactivity, a fact
that we exploit to attach cyanomethyl radicals (CH,CN ) produced by homolytic breaking of acetonitrile
(CH,CN) [2]. This process presents a 90% yield and 97% site-selectivity of CH2CN- molecules that bind
covalently to graphene following the moiré lattice, as revealed by our STM study. This method in principle
could be extended to other organic nitriles, paving the way for the attachment of functional molecules.

Figure 1. 70 nm x 30 nm STM topographic image of covalently functionalized graphene/Ru(0001).
CH,CN- molecules are attached following the moiré periodicity with 90% yield and 97% site-selectivity.
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Thu-11:20-O-GRAP @
Opening a pseudogap, and the rich interplay of Dirac fermions with singularites,
doping and asymetric potentials in graphene

GRAP Graphene and carbon-based 2D films

Andrew Norris, F. Calleja, J.J. Navarro, A.L. Vazquez de Parga, R. Miranda
Imdea Nanoscience (Universidad de Autonama) Spain

A growing range of materials exhibit low-energy fermionic excitations that behave as masless Dirac
particles, including d-wave superconductors, topological insulators and graphene.These materials share
a significant number of common properties who's Dirac nature is controlled by specific symmetries[1].
Emergent areas of exploration including mass aquisition, confinement, and interaction enhancement are
just some of the avenues expected to reveal exotic and novel quantum phases[2].We report experimental
results on the rich interplay of Dirac electrons, with singularites in the density of states (VHS), chemical
doping, and asymetric potentials using spectroscopic imaging scanning tunneling microscopy (SI-STM).
We find evidence of a pseudo-gap, charge localisation, unusual interference patterns, and detail the
properties and responses of the aforementioned singularities to potentials and doping which leads
to range of effects including a suspected charge density wave (CDW).We reveal, the non-equivalent
response of each singularity to the potential energy landscape indicative of a certain degree of autonomy,
and close by discussing potential origins and consequences of this well controlled, yet rich,Graphene[3]
playground for other Dirac systems.
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Thu-9:40-O-LASE
Circular dichroism in laser induced electron emission from nanohelix arrays

LASE Laser pulses for surface electron dynamics

Daniel Nurenberg'!, Andrew Mark?, Matthias Kettner', Peer Fischer?, Helmut Zacharias'

" Physikalisches Institut, Westfdlische Wilhelms-Universitct Miinster, Germany;
2 Max Plank Institut fiir intelligente Systeme, Stuttgart, Germany

We investigate the electron emission from chiral metallic nanostructures triggered by fs laser radiation.
Circularly polarized pulses from an optical parametric chirped pulse amplifier (OPCPA) were used to
irradiate arrays of metallic nanohelices on silicon surfaces. We find a strong asymmetry regarding to left
and right circularly polarized excitation in the electron yield in accordance to the handedness of the
helices. The emission can be interpreted in terms of a non-equilibrium heating of the electron gas by
surface plasmon excitation. Simulations of the surface plasmons correlate the polarization dependence
of the photosignal to the field enhancement on the nanostructures.
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Wed-16:40-O-BAND
Soft X-ray spectroscopic study of electronic structure of Pd nanoparticles

BAND Band structure of solid surfaces

Satoshi Ogawa ', Kenta Otsuki', Shinya Yagi 2

" Energy Engineering, Graduate School of Engineering, Nagoya University, Japan;
2 Institute of Materials and Systems for Sustainability, Nagoya University, Japan

In order to clarify the anomalous hydrogen absorption property of the Pd nanoparticles (NPs), we have
investigated the electronic structure of the Pd NPs by the soft X-ray spectroscopy. Pd bulk exhibits the
clear and sharp plateau region in the pressure-composition isotherm (PCl) of the hydrogen absorption.
In contrast, the plateau is ambiguous in the PCl of the Pd NPs i.e. the plateau has the slope and the
narrower width compared with that of the bulk one [1,2]. One of the suggested origins is the change of
the electronic structure around the fermi level by the formation of the NPs [1]. We have carried out near
Pd L,-edge X-ray absorption fine structure (Pd L,-edge NEXAFS) and X-ray photoelectron spectroscopy
(XPS) measurements to investigate the unoccupied d-states and the valence band structure around the
fermi level of the Pd NPs, respectively.

Pd L,-edge NEXAFS measurements were carried out with Material Chemical State-Structural Analysis I
at BL6N1, Aichi Synchrotron Radiation Center. The NEXAFS
spectra were obtained by the total electron yield method
using the drain current under the high vacuum (~5x10 Pa). Pd Li-edge NEXAFS
Figure 1 shows the Pd L,-edge NEXAFS spectra of the Pd L — Pd NPs il
NPs and Pd sheet (Pd bulk). All spectra in Figure 1 were
normalized with respect to height of the edge jump. The
intensity of the white line in the L -edge NEXAFS spectrum
reflects the DOS of the unoccupied d-state in the simple
approximation. It can be seen that the intensity of the
white line of Pd NPs is slightly lower than that of Pd bulk.
This result represents that the unoccupied d-states near
the Fermi level has decreased by the formation of Pd NPs
which explains qualitatively that the hydrogen absorption
amount of Pd NPs is lower than that of bulk. The unoccupied
d-states are fulfilled by the electron of the hydrogen during B j 1
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Figure 1. Pd L3-edge NEXAFS of the Pd NPs and Pd bulk.

References:

[11 M. Yamauchi, R. Ikeda, H. Kitagawa, and M. Takata, J. Phys. Chem. C 112, 3294 (2008).

[2] S.Ogawa, T. Fujimoto, T. Kanai, N. Uchiyama, C. Tsukada, T. Yoshida and S. Yagi, e-J. Surf. Sci.
Nanotech. 13, 343 (2015).

[3] C.D.Gelatt, Jr., H. Ehrenreich, J.A. Weiss, Phys. Rev. B 17, 1940 (1978).

195



27 AUG - 1 SEP 2017
SZEGED, HUNGARY

A& ecoss33 ORAL PRESENTATIONS

Thu-14:40-0-OXID @
Surface stabilises ceria in unexpected stoichiometry

OXID Oxide surfaces and ultrathin oxide films
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2 Departamento de Fisica de la Materia Condensada, GlyA, CAC—CNEA, 1650 San Martin, Buenos Aires, Argentina;
Consejo Nacional de Investigaciones Cientificas y Técnicas - CONICET, C1033AAJ Buenos Aires, Argentina

3 Aix-Marseille University, CNRS, CINaM UMR 7325, 13288 Marseille, France

* Instituto de Catdlisis y Petroleoquimica, Consejo Superior de Investigaciones Cientificas-CSIC, 28049 Madrid,
Spain

By annealing a 180 nm thick ceria film [1] in an ultra-high vacuum (UHV) environment at various
temperatures up to 1100K, we stabilize periodic structures representing ceria reduction stages ranging
from CeO, to Ce,0, These surface reconstructions are revealed by direct imaging with a non-contact
atomic force mlcroscope (NC-AFM). An accurate understanding of the surface reconstructions is achieved
by combining high-resolution NC-AFM imaging with extensive spin-polarized DFT+U calculations [2].
Starting from (1 x 1) CeO, we identify four reconstructions namely (V7xy7)R19.1° Ce,0,,, (V7 x 3)R19.1°
Ce,0,, (V3 x/3)R30°Ce,0,,and (1 x 1) Ce,0,

The (/7 x 3)R19.1° reconstruction is most interesting as it is the only phase that has an oblique rather than
a hexagonal structure, and theoretical modeling shows that this phase appears at the surface but cannot
be stabilized in a bulk structure. We also observe that some phases coexist on the same terraces [3].

The sequence of occurrence of the observed phases at evaluated temperature is explained employing
DFT and thermodynamic modeling whereby also the coexistence of phases and the missing observation
of the (3 x 3) phase, which has been observed in other experiments [4,5], can be understood.

These results help understanding the surface defect structure which is of paramount importance in
catalytic and sensor applications exploiting the high
oxygen storage capacity of ceria [5].

Acknowledgment: Support from the COST Action CM1104 is
gratefully acknowledged.
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Tue-11:00-0O-ORGS2
Switchable charge states in multi-ferrocene molecules

ORGS Organic molecules on solid surfaces
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lvo Stary?, Pavel Jelinek'

" Institute of Physics, Czech Academy of Sciences, Cukrovarnickd 10/112, 162 00 Praha 6, Czech Republic;
2 Institute of Organic Chemistry and Biochemistry, Czech Academy of Sciences, Flemingovo ndmeésti 542/2,
166 10 Praha 6, Czech Republic

Molecular electronics is an envisioned field of electronics which would allow the ultimate miniaturization
and new functionalities by using molecules as building blocks of electronic devices. Gaining a control
over the charge state of a single molecule would be an important milestone on the way towards such
technology. Ferrocene-based molecules are known to be stable in different redox states, which makes
them promising as candidates for quantum cellular automata units. Previous works demonstrated
charging single metal adatoms [1], molecules or their clusters on insulating films [2] as well as charging
of large self-assembled islands of molecules by scanning tunneling microscopy (STM) or non-contact
atomic force microscopy (nc-AFM) [3].

Here we will present experimental evidence of controlling multiple charge states on single of
2.6-bis(ferrocenyl)naphthalene (“bis-ferrocene”) or 3,6,3'6"-tetraferrocene-9,9'bis-fluorenylidene (“tetra-
ferrocene”) molecules deposited on aninsulating NaCl film, actualized by means of nc-AFM. We succeeded
to control the multiple charge states including their reversible transfer within a single molecule between
different redox centers. The maximal number of charging events we were able to observe in succession
corresponded to the multiplicity of ferrocene centers within the probed molecule. The induced charged
states featured prominent fingerprints in both the frequency shift and energy dissipation channels. In
order to corroborate the experimental evidence, we have developed a theoretical model that simulates
the response of an oscillating AFM probe to the switching of the molecular charge, in particular to
the hopping of the charge between the redox centers. This hopping is presumably stimulated by the
oscillation of the probe itself and therefore correlated to it, resulting in a strong signal detected by the
microscope. Our model is akin to but different from the one we have previously published for periodic
charging and discharging of molecules or quantum dots by means of STM/nc-AFM [4].

A 3D representation of constant-height nc-AFM data (frequency shift) taken over a bis-ferrocene molecule
is shown in the figure, together with a schematic model of the molecule. The linear feature corresponds
to the boundary at which the charge tends to switch between the two ferrocene redox centers.
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Vicinal noble metal surfaces with densely kinked steps

SAMA Structural analysis and manipulation on atomic scale
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The thermal excitation of step-edge atoms into kinks is the essence of the step dynamics on a crystal
surface. At a vicinal surface with high step densities, kinks also influence the equilibrium shape at finite
temperature. As shown in Fig. 1a, in fcc -(111) vicinal planes steps oriented along the [11-2] direction
exhibit a 100% kinked step-edge (K-type), where out-protruding step-edge atoms have no direct nearest-
neighbors parallel to the step. Remarkably, as sketched in the same Fig. 1a, in such K-steps thermal
excitations have zero energy cost, allowing meandering and roughening of steps without energy penalty.
We have investigated Ag crystals curved around the (654) direction, which allows one to probe with
STM and Angle Resolved Photoemission (ARPES) all K-type surfaces from the (111) plane up to 18 deg
vicinal angles. In Fig. 1Tb we show characteristic STM images and terrace-width distribution histograms.
A remarkably neat transformation is observed from low to high step-densities, suggesting a dramatic
transition in step interactions, from purely entropic, at low step-densities, to strongly elastic, at high step-
densities. In Fig. 1c we show the energy shift of the Shockley band measured with ARPES across the curved
sample. Large shifts are found compared to close-packed steps, indicating strong repulsive scattering
due to a larger electric dipole at K-type steps. On the other hand, with the kinked Au(16,15,14) surface
we explored on-surface synthesis of organic nanowires and nanostripes. In all cases, the connection of
STM and ARPES results with the particular step energetics and dynamics of K-type vicinal surfaces will be
discussed.
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LASE Laser pulses for surface electron dynamics

Laszld Ovari 2, Péter Dombi '3, Dimitris Charalambidis’

"ELI-ALPS, ELI-HU Non-profit Ltd., Szeged, Hungary;
2 MTA-SZTE Reaction Kinetics and Surface Chemistry Research Group, Szeged, Hungary;
3 MTA “Lendiilet” Ultrafast Nanooptics Group, Wigner Research Centre for Physics, Budapest, Hungary

Photoemission has long been an efficient way for the investigation of ultrafast surface phenomena.
In a pump-probe approach using visible or near UV femtosecond pulses, two (or three) photon
photoemission can reveal the energy spectrum of occupied and unoccupied electronic states as well
as the lifetime of intermediate states. By means of two dimensional position sensitive detectors the
dispersion characteristics of different states can also be addressed, although often in a restricted k space
and energy range due to the low acceptance angles of the analyzers and the photon energy limited to
the few eV range. Other goals in current photoemission research are availability of lateral resolution for
the analysis as well as to obtain information about the spin state of electrons. With gas high harmonic
generation (GHHG) XUV pulses of attosecond duration can be obtained opening new possibilities for
surface science. In addition, photoelectrons are ideal probes for ultrafast plasmonic phenomena [1] and
with state-of-the-art probing of nanooptical near-fields, novel applications in integrated optics, sensorics
and spectroscopy can emerge.

The ELI Attosecond Light Pulse Source (ELI-ALPS), located in Szeged, will offer the surface science and
plasmonics communities a state-of-the-art end station incorporating all the above mentioned capacities.
The core of the instrument will be a photoemission electron microscope (PEEM) capable of laterally
resolved imaging. It will be complemented by both an electrostatic and a time-of-flight analyzer to
provide energy resolved images. Moreover, an imaging spin filter will be available for spin, energy, and
laterally resolved detection at the same time. Instead of lateral imaging, small spot ARPES can also be
performed at the end-station (optionally with spin filtering) with enhanced angle resolution in a nearly 2
Pisolid angle. The end-station will include an UHV system with various possibilities for sample preparation
and characterization.

Superior sensitivity will be secured by the usage of a state-of-the-art a high repetition rate (100 kHz)
excitation source. A 100 W near IR laser, emitting carrier-envelope phase (CEP) stabilized pulses of <6.2
fs duration will drive a GHHG beamline, which will produce isolated attosecond pulses and attosecond
pulse trains with photon energies up to ~150 eV. Both NIR and the XUV pulses, with adjustable delay,
will be available for the surface science end station. For measurements requiring XUV pulses of narrow
spectral bandwidth, the beamline will be equipped with a time compensating monochromator.

The possible use of the end station will be illustrated in this presentation discussing a measurement
aiming at the determination of plasmonic field enhancement at nanostructures mapping also the angular
distribution of photoelectrons.

References:
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Electron transfer between gold adatoms and the reduced CeO,(111) surface:
Lessons learned from static density functional theory

COMP Computational surface chemistry and physics
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Oxygen point defects in reducible oxide surfaces like ceria play a crucial role, when it comes to redox
catalysis [1]. The activity of these surfaces may be drastically enhanced upon deposition of noble metals
like gold [2]. The theoretical description of these complex systems involving electron transfer in the redox
chemistry, however, represents a formidable task [3].

We present a detailed analysis of results obtained using density functional theory within the so-called
DFT+U approach and hybrid functionals. The order by energy of donor (i.e. Ce** 4f') and acceptor (i.e.
Au’ 6s') levels matters and affects the stability of Au atoms adsorbed on a reduced CeO,(111) surface.
Benchmark GW calculations corroborate results obtained with hybrid functionals [4].
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PBE+U(4.5) and the HSE hybrid functional give qualitatively different results
for a Au atom adsorbed on a Ce3+ ion.
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electrochemical oxidation
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The catalytic role of metallic substrates is a perfect starting point for growing high quality graphene
layers by thermal decomposition of aromatics [1]. However, metallic substrates quench the outstanding
properties that make graphene the most promising material for future applications. Thus, protocols
to transfer graphene to different technologically relevant substrates are mandatory. These transfer
processes are cost inefficient and some can severely degrade the properties of graphene by introducing
structural and chemical defects. As an alternative, we propose a novel, less invasive approach that is easily
scalable. We target pristine graphene sheets grown on metals and employ electrochemical oxidation at
controlled potentials to introduce a single atom-thick hydroxide decoupling layer. To fully understand this
decoupling a multi-technique characterization (STM, AFM, XPS and Raman) combined with theoretical
studies (ab-initio calculations) of each step of the process has been undertaken.

Epitaxial graphene was grown on Pt(111) and Ir(111) in UHV by thermal decomposition of aromatics.
Fig. 1a shows a representative STM image ((4x4)nm?, I=4nA, V=10mV) of a typical Moiré obtained for Gr on
Pt(111) [2]. After in-situ characterization the sample was removed from UHV and studied by XPS, AFM and
Raman spectroscopy before and after electrochemical treatments. O1s XPS spectrum show the sandwich
hydroxide layer found after the electrochemical treatment (Fig.1b) responsible for decoupling graphene
from the metal surface, as verified by the radical changes in the Raman spectra (Fig 1¢, before (black curve)
and after (red curve) electrochemical oxidation. The decoupling of the graphene sheet from the metallic
substrate is clear by the emergence of D, G and 2D bands). From AFM the overall topography implies that
around 90% of the surface is decoupled, and ab-initio calculations clearly show that intercalation of a
single atom-thick hydroxide layer can induce a structural separation of the graphene with respect to the
surface. This work suggests that suitably optimized electrochemical treatments may provide interesting
alternatives to standard transfer protocols for graphene and other 2D materials prepared on diverse
metal surfaces.
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Figure 1: a) STM image of Gr/Pt(111) showing a characteristic Moiré ((4x4)nm2, I=4 nA, V=10 mV).
b) O1s XPS spectrum after the electrochemical treatment and a soft annealing of a Gr/Pt(111) sample. The
peak can be fitted with one main component that corresponds to the hydroxide species. Inset: optimized
representative Gr/Pt2(OH)@Pt(111) interface. c) Raman spectra of graphene on Pt(111) before (black curve)
and after (red curve) electrochemical oxidation.
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Revised Chen’s derivative rule for efficient calculations of scanning tunneling
microscopy
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Chen’s derivative rule for electron tunneling is revised [1] for the purpose of computationally efficient
calculations of scanning tunneling microscopy (STM). New features include (i) the weighting of tunneling
matrix elements of different tip-orbital characters by an arbitrary energy-independent choice or based
on first-principles data, (ii) arbitrary tip geometrical orientations, and (iii) the possibility of quantitative
analysis of tip-orbital interference contributions. The model hasinitially been applied to two functionalized
surfaces where quantum interference effects play an important role in the STM imaging and the Tersoff-
Hamann model fails to describe the correct STM contrast under certain conditions: N-doped graphene
[2] and a magnetic Mn,H complex on the Ag(111) surface [3]. For both of these surface structures, the
importance of interference between s and p, tip orbitals is highlighted that cause a significant contrast
change in the STM images [1]. Moreover, the revised Chen’s method has recently been applied to validate
a newly proposed structural model for the magnetite Fe,O,(110) surface with two-fold oxygen vacancies
[4], and to study surface defects in the organic perovskite CH,NH,PbBr, [5].

lTersoft-Hamann Revised Chen

s tip p» tip (s +p,)/V2 tip
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FIG: Constant-height STM images of N-doped graphene calculated by using Tersoff-Hamann
and revised Chen's methods with s. p- and (s+p-)/v2 tip orbital compositions [1].
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Poisoning of heterogeneous catalysts by sulfur and sulfur-containing compounds is of high importance
forvarious processes in industry and therefore a hot topicin catalysis for decades. Platinum is a widespread
catalyst material for various applications and sulfur a common impurity in many feedstocks.

Utilizing the intrinsic Moiré pattern that is formed by graphene on Rh(111) as a template and chemically
inert support, platinum nanocluster arrays were grown. These clusters were then poisoned by sulfur via
thermal reduction of SO,."” To understand the changes that occur upon sulfur poisoning the adsorption
and desorption of the common probe molecule CO were investigated. The changes in the adsorption
behavior for several preadsorbed sulfur coverages were investigated with in situ high-resolution X-ray
photoelectron spectroscopy. Three different CO species can be distinguished; top and bridge bonded
CO on terrace sites and CO at step sites. Sulfur blocks those adsorption sites to different degrees. While
on-top and step sites are highly affected, bridge sites are affected to a lower degree. These results will
be compared to meaurements on the stepped Pt(322) and Pt(355) surfaces.® Upon annealing CO on
the sulfur poisoned clusters, a displacement of sulfur from step to terrace sites by CO is observed around
330 K. This displacement is reversed after desorption of the CO.
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Controlling the spatial orientation of molecules is an important research subject in molecular science
and engineering. The manipulation of molecular orientation in condensed phases, however, has been
very limited. We present a novel method to reorient polar molecules from randomly oriented to almost
perfectly aligned states by applied electrostatic field."” The method utilizes an ice film nanocapacitor”
to apply intense external electric field (on the order of 108 V-m™) across a thin film of matrix-isolated
molecules. Asymptotically perfect alignment along the field direction was achieved for small polar
molecules, including formaldehyde, water, ammonia and hydrogen chloride. The field alignment was
monitored by reflection-absorption infrared (RAIR) spectroscopic measurement with p-polarized light
and the unidirectional Stark shift of molecular vibrational bands.!" The reorientation process was found
to be reversible with respect to field changes, even for formaldehyde, which is not a free rotor in the
noble gas matrices. Ammonia molecule, which is nearly a free rotor in the condensed matrices, exhibited
the pendular state spectroscopic features® with the removal of rovibrational structures during the field
alignment. In addition, RAIR spectral features indicate that the shape of the symmetric double-well
potential of umbrella vibration was changed by applied electric field. The field-driven reorientation of
molecules in the inert matrices is expected to offer a new platform for molecular spectroscopic studies
and the manipulation of molecules in condensed phases.
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Reflectivity is typically carried out in the hard X-rays to study morphology of interfaces and structure
of layered systems, where electron density contrast between materials is exploited. In the soft X-rays,
reflectivity at resonance provides additional advantages in terms of atomic and depth-resolved
investigation of the chemical, structural and magnetic properties of a variety of systems, including organic
materials. The technique is non-destructive. The sampling depth is not limited to the near-surface region,
as for electron yield spectroscopies, but deep buried interfaces can be accessed as well (several tenths
of nm). In particular, we developed a protocol [1,2] to get simultaneous quantitative information on the
structure, interface morphology, chemical properties and optical anisotropies of layered materials with
sub-nm depth resolution. The method is based on the quantitative prediction of the spectral line-shape
across specific elemental edges through: 1) the simulation (from the first principles) of the dielectric tensor
of each material in a stack; 2) the simulation of the propagation of the electromagnetic field in the layers
and the computation of the (anisotropic) optical properties (reflectivity, transmission); 3) the comparison
and fitting of the simulation to the experiment.

Soft X-ray reflectivity at carbon K-edge with linearly polarized photons is used here to study Pentacene
thin films produced by Supersonic Molecular Beam Deposition (SuMBD) on SiO,. SUMBD allows a
precise control of molecular directionality and velocity during growth, with the formation of highly flat
organic layers that present enhanced electronic transport properties in organic thin film transistors [3].
Films of different thickness, up to 20 nm, are examined. It is observed that molecules adopt a standing
orientation, with the tilt angle of the long molecular axis with respect to the substrate normal that
progressively reduces with the increasing film thickness. This is expected to influence the molecular
reciprocal interaction and the charge transport parallel to the dielectric substrate in devices. The effect of
the deposition of an Au electrode overlayer on top of the organic film is also studied, as far as the organic
molecular organization below the metal contact is concerned. It is found that the pentacene molecules
at the buried interface with Au assume a flat orientation, that propagates two-tree layers into the organic
film. This can have a strong impact on charge injection at electrodes. We believe that studies of this type,
aiming at understanding the molecular orientation at deep buried interfaces, are fundamental to finely
tune organic thin film thickness and growth modes and to guide optimization of devices architectures.
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A promising step towards a novel class of fuel cell electrocatalysts is the application of multifunctional
mixed oxide-carbon composite supports. The preparation and the thorough characterization of Pt
electrocatalystsdeposited ontoTi M, ,0,-C(M=W, Mo) compositesis presented. The necessary conditions
for exclusive incorporation of W and Mo dopant into the TiO,-lattice of mixed oxide were determined [1-3].
A characteristic feature of the cyclic voltammograms (CVs) of the Pt/Ti, M O,-C catalysts is the
appearance of a redox peak pair in the so-called hydrogen region [3]. The peak in the anodic branch
of the voltammograms above 350 mV can not be assigned solely to the support or to the platinum,
thus it can be the result of some collective effect of the support and the Pt. Upon using different
potential limits during the cyclic polarization the nature of the redox pre-peak characteristic to
the W- and Mo-containing composite supported Pt catalysts was clarified. This anodic peak was
connected to the oxidation of tungsten or molybdenum bronzes H MO, formed via the hydrogen
spillover. Upon using of Pt/Ti W, ,O,-C catalysts cathodic counterpart (i.e. the current peak of the
formation of the tungsten bronzes) of this anodic peak coincides with the hydrogen-adsorption
peaks of the platinum. However, on Mo-containing composite supported catalysts a clearly
distinguishable cathodic peak could be observed in the so called double layer region on the CVs.
On account of the spillover effect oxophilic dopant-containing composites improved the catalytic
activity in the hydrogen oxidation reaction (HOR) with respect to conventional Pt/C catalysts. In addition,
the mixed oxide component increased the CO tolerance under simulated CO poisoning conditions
by providing adsorbed hydroxyl species (OH_,) for CO oxidation at very low electrode potentials.
The assessment of the electrochemical properties of the composite supported catalysts revealed a
clear correlation between the degree of M dopant incorporation, hydrogen spillover effect, stability
and CO tolerance. No significant difference in the activity, short-term stability and CO tolerance
was found between the tungsten- and molybdenum-containing Ti, M ,O,-C composite supported
Pt catalysts, if the oxophilic doping metals were completely incorporated. Better performance
of the Pt/Ti M ,O,-C catalysts in a single cell test device using hydrogen containing 100 ppm
CO compared to the reference Pt/C and PtRu/C (Quintech) catalysts was also demonstrated [3].
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Self-heating of high power devices is a major problem in GaN high electron mobility transistors (HEMT),
in which the power reached the values of 10 W/mm (the length of the gate in mm). Implementation of
graphene layers in gallium nitride heterostructure growth can solve the self-heating problem in nitride-
based high-power electronic and light-emitting optoelectronic devices.

Now we explore the possibilities of nitride layer growth on graphene/SiC. The task is challenging thanks
to the lack of chemical reactivity between the two materials. Therefore instead of direct growth on
graphene we present how high quality nitrides can be grown on patterned graphene/SiC templates.
The grown samples are analysed by transmission electron microscopy (TEM). The dislocation density is
practically the same as in GaN grown on SiC. The results show, that the used graphene is a multilayer of 3-5
graphene sheets, but this is advantageous for the high heat conductivity [1]. The nitride heterostructures
deposited on patterned graphene layers are grown via lateral overgrowth, which results in the formation
of a single-crystalline GaN layer that has a relatively low defect density and a smooth surface. Fig.1 shows
the interface region over the SiC at the edge of the graphene stripe. AIN could nucleate on bare (and a little
bit over-etched) SiC and overgrow the graphene pads laterally. After about one micron growth of GaN
on AIN buffer the surface is completely smooth
[1]. Optimization of the plasma etching process
and growth procedure promises to offer a
simple r.oute to produce nitride based device
structures with better thermal management
due to graphene layer incorporation.

Fig. 1: BF STEM image of the sample: AIN buffer
layer grown on patterned graphene/SiC.
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Thu-11:40-O-ORGS
Titanium tetraisopropoxide adsorption and decomposition on Cu(111)

ORGS Organic molecules on solid surfaces

Mikhail Petukhov', P. Birnal', S. Bourgeois ', B. Domenichini’, D. Vantalon?, P. Lagarde?

"ICB, UMR 6303 CNRS-Université de Bourgogne Franche-Comté, Dijon, France;
2 Synchrotron SOLEIL, L'Orme des Merisiers, Saint-Aubin, Gif-sur-Yvette, France

Titanium tetraisopropoxide Ti(OC,H,), (TTIP) is the predominant precursor used in chemical vapour
deposition methods to synthesize titanium dioxide thin films. Study of adsorption, decomposition of
TTIP molecules and kinetic mechanisms underlying the synthesis of TiO, on metal surfaces has a top
interest for various applications.

TTIP molecules have been deposited on copper substrate Cu(111) with submonolayer and monolayer
coverage at low temperature (150K), room temperature and elevated temperatures (up to 800K) and
studied by variable temperature scanning tunneling microscope (VT STM), X-ray photoelectron
spectroscopy (XPS), low electron energy diffraction (LEED) and X-ray absorption spectroscopies (XANES
& EXAFS, LUCIA beamline, SOLEIL).

Adsorption and assembling of entire molecules are observed at low temperatures. At room temperature,
STM reveals an assembling of TTIP molecular fragments. XPS analysis confirms presence of ligand groups
bonded to (Ti-O,) molecular center, indicating a partial decomposition process confirmed by EXAFS
spectroscopy. TTIP molecules start to decompose completely on copper surface at temperatures higher
than 600 K. After cooling down from 800 K, STM images at room temperature evidently demonstrate
formation of titanium oxide islands with hexagonal structure (Figure 1; STM image 30x24 nm2; Ub=400
mV; 1t=0.8 nA) confirmed by surface EXAFS. Besides, XPS analysis proves appearance of a new state of
Ti2p levels with lower binding energy (456.3 eV for Ti2p3/2), than those of regular titanium dioxide (458.8
eV) or entire TTIP molecule adsorbed on copper surface (459.4 eV).

Figure 1: STM image of TiOx islands having hexagonal structure on Cu(111): 30x24 nm2; Ub=400 mV;
[t=0.8 nA
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Thu-16:00-O-CATH @
Non-noble intermetallic compounds as selective butadiene-hydrogenation
catalysts: Al _Fe, vs Al _Co,

CATH Catalytic 2D-model studies under high pressures

Laurent Piccolo’, Emilie Gaudry?, Julian Ledieu?, Vincent Fournée?, Lidiya Kibis?

"Univ Lyon, Université Claude Bernard - Lyon 1, CNRS, IRCELYON - UMR 5256, 2 Avenue Albert Einstein,
F-69626 VILLEURBANNE CEDEX, France;

2 Institut Jean Lamour, UMR 7198 CNRS & Université de Lorraine, Parc de Saurupt, CS 50840, F-54011 Nancy,
France;

3 Boreskov Institute of Catalysis SB RAS, Lavrentieva 5 & Novosibirsk State University, Pirogova St. 2,
Novosibirsk 630090, Russia

Non-noble complex intermetallic compounds have shown promising properties as inexpensive catalyst
alternatives to Pt-group metals for alkyne [1] and alkene [2-4] partial hydrogenation. In this work, the gas-
phase hydrogenation of 1,3-butadiene over the Al jFe,(010) and Al ,Co,(100) surfaces was investigated
in the 0.2-2 kPa range at 20-200 °C in a batch-type reactor coupled with an ultrahigh-vacuum setup
allowing for Auger electron spectroscopy and low energy electron diffraction. The results were also
compared with those obtained for Pd(100) in the same conditions.

Clean Al jFe,(010)is initially as active as Pd and 100% selective to butenes, including at room temperature
(RT), with sequential conversions of butadiene to butenes, and butenes to butane [2,3]. The main difference
with Pd comes from the butenes distribution, with a cis/trans 2-butene ratio larger than unity for Al-Fe
whileitis near zero for Pd. This result can be explained in terms of active site isolation and steric constraints
upon m-allylic precursors to 2-butenes [3]. The sensitivity of the Al-Fe surface to oxygen-containing gas
impurities, forming an aluminum oxide overlayer at high coverage, leads to gradual deactivation under
reaction conditions, which is the main issue for the practical use of non-noble metal catalysts. However,
the alloy surface can be fully regenerated through high-temperature annealing [3].

While both Al .Fe, and Al _Co, have been claimed to be efficient for partial acetylene hydrogenation [1],
Al,,Co,(100) appears more stable butmuchlessactive than Al |Fe,(010) for butadiene partial hydrogenation.
Although the bulk structures of the two compounds are similar, their surface structures and compositions,
as determined by a combination of surface-science experiments and ab initio calculations, substantially
differ [5]. The influence of these structural differences will be discussed in the light of recent density-
functional-theory calculations.

References:

[11 M. Armbrister et al., Nat. Mater. 11 (2012) 690

[2] L. Piccolo, Chem. Commun. 49 (2013) 9149

[3] L.Piccolo, L. Kibis, J. Catal. 332 (2015) 112
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10.1002/cctc.201601587
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Tue-17:40-O-BIMS ©
Remarkable confinement effects on equilibrated adsorption, segregation and
dimerization reaction predicted for alloy nanoparticles

BIMS Bimetallic surfaces and alloy nanocrystals

Micha Polak, Leonid Rubinovich
Department of Chemistry, Ben-Gurion University of the Negev, Beer-Sheva 84105, Israel

A new nano-confinement effect on equilibrated reactions (NCECE) was predicted by us some years
ago using statistical-mechanics principles'. Thus, the involvement of very small numbers of reacting
molecules in a closed space can considerably affect the chemical-equilibrium via mixing-entropy
variations. In particular, canonical partition-function based computations reveal significant increase of
the reaction extent and equilibrium constant for the case of exothermic reactions as compared to the
corresponding macroscopic system (the thermodynamic limit, TL). Since that first work we published
several articles dealing with NCECE predictions for ,ordinary” chemical reactions®3. Most recently, we
investigated the effect for nanoconfined adsorption (NCEA). Quiet remarkably, adsorption isotherms
computed for H, / Ti-doped graphene as a model nanosystem exhibit fundamental deviations from the
“macroscopic” Langmuir isotherm (Fig.1), namely, system-size dependent significant enhancement of
surface coverage. In addition, the talk will incorporate three novel manifestations of the effect predicted
for alloy nanoparticle systems:

Adsorption isochores: CO on Pt-Ru(111) islands

Equilibrium CO site populations computed for Pt Ru, and Pt Ru surface alloy vs. alloy surface islands, with
reported DFT energetics as input, consistently exhibit extra coverage (A©) compared to the TL, especially
for the dominant Ru on-top sites. The NCEA decreases with increasing system-size and A©_ oy ® Aea,,oy_w
due to different adsorption energies.

Surface segregation of Si impurity in Fe (bcc) rhombic dodecahedra

In view of the general analogy between gas molecule adsorption on a surface and elemental surface
segregation from the material interior, possible NCECE effects were explored also for the latter. A key
prediction is the significant lowering of residual Si concentration in rhombic-dodecahedral nanoparticle
cores due to the enhancement of its surface segregation compared to the TL. Considering the known
strong effects of Si impurities on Fe properties this result can have some practical implications.

Dimerization reaction of Ir within dilute Pd - Ir cuboctahedra*

Up to ~ 60% increase in the dimerization extent, as compared to the macroscopic TL, is predicted (Fig.2).
When subsurface sites are preferential for the dimerization, catalytic properties of Pd - Ir nanoparticles
can possibly be affected. The dual role of configurational entropy, namely mixing of I/Ir, vs. Pd/Ir will be
elucidated.
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Fig.1 NCEA-induced enhancement of H>
physisorption on 7i in doped graphene as
adsorption computed
assuming single molecule per surface site for

reflected in isotherms
different system sizes (I' = 300 K). Inset: strong

pressure fluctuations in the smallest nanosystem.

Fig2 Top: llustration of 2Ir < Ir;
equilibrated dimerization inside the 309-atom
core of Pd surface-segregated 561-atom Pd-ir
cuboctahedron.  Bottom: The temperature
dependence of the dimerization extent relative

increase computed for several core sizes.

1. M. Polak and L. Rubinovich, Nano Letters 8, 3543 (2008).

2. M. Polak and L. Rubinovich, Surf. Sci. 641, 294 (2015).

3. L. Rubinovich and M. Polak, Nano Letters 13, 2247 (2013).
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Thu-9:20-O-MOLA
Molecular chessboard assemblies sorted by site-specific interactions of
out-of-plane d-orbitals with a semi-metal template

MOLA Ultrathin two-dimensional molecular self-assembly

A. Waeckerlin', O. Popova', S. Fatayer?, T. Nijs ', S. Nowakowska ', S. F. Mousavi ',
A. Ahsan', T. A. Jung*, C. Wackerlin®

" Department of Physics, University of Basel, Klingelbergstrasse 82, 4056 Basel, Switzerland;

2 Laboratory for Thin Films and Photovoltaics, Empa, Swiss Federal Laboratories for Materials Science and
Technology, 8600 Dtibendorf, Switzerland;

* Departamento de Fisica Aplicada, Instituto de Fisica Gleb Wataghin, Universidade Estadual de Campinas,
Campinas 13083-859, Brazil;

* Laboratory for Micro- and Nanotechnology, Paul Scherrer Institute 5232 Villigen, PSI, Switzerland;

> Nanoscale Materials Science, Empa, Swiss Federal Laboratories for Materials Science and Technology, 8600
Dtibendorf, Switzerland;

The self-assembly of single component porphyrin or phthalocyanine (Pc) layers at different surfaces is a
straight forward approach to obtain highly ordered 2D periodicity. In this work we show a conceptually new
approach to produce 2D chessboard patterns from bi-component mixtures in absence of functionalization
of the molecular modules by functional groups towards their supramolecular organization. Specifically,
we show that mixtures of CuPc + MnPc and CuPc + CoPc sort into highly ordered Cu/Mn and Cu/Co
chessboard arrays on the p(10x10)-Bi/Cu(100) semimetal template (Figure 1). The p(10x10) Bi-reconstructed
Cu(100) substrate which is key to the sorting mechanism is very different from other metal/noble metal
substrates, as it is characterized by a periodic array of square pockets and a low density of electronic
states around the Fermi level. As we show, site-specific interactions between the central transition-metal
ions and the substrate lead to preferred adsorption sites of the metal-Pcs with out-of-plane 3d states.
Therefore MnPc and CoPc if combined with CuPc mix into chessboard layers due to their out-of-plane
3d states around the Fermi level and the absence of these states for CuPc. If both molecules have out-of-
plane 3d states around the Fermi level (CoPc + MnPc mixture), no chessboard layer is formed.

~ CuPc¢ + MnPc CuPc + CoPc

C CoPc + MnPc

Fig.1. STM images binary mixtures of metal phthalocyanines on p(10x10)-Bi/Cu(100). Images of (a) CuPc
+ MnPc, b) CuPc+ CoPc and c) CoPc + MnPc. The crosses assign the type of molecule (CuPc - green,
CoPc - blue, MnPc - red) and their orientation. CuPc + MnPc and CuPc + CoPc mixtures assemble into a
chessboard arrays, but CoPc + MnPc does not. The scale bar applies to all images.
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Wed-10:40-0-OXID
Low dimensional electron system at titanates surfaces and related interfaces:
Create and control

OXID Oxide surfaces and ultrathin oxide films

Milan Radovic
Swiss Light Source, Paul Scherrer Institut

Transition Metal Oxides (TMOs) exhibit unique and multifunctional electronic properties (such as high-
temperature superconductivity, colossal magnetoresistance, metal-insulator transitions, etc.) directly
related to the spin and orbital degrees of freedom of the transition metal d-states. Furthermore, their
iso-structural nature permits realization of heterostructures where novel unexpected electronic
properties take place. Engineering transition metal oxide surfaces and interfaces carries the potential
for achieving new physical properties that radically differ from those of the constituent bulk materials.
This is the case of oxide-lowDEGs, which recently showed extraordinary occurrences, including interfacial
superconductivity, magnetism, large tuneable spin-orbit coupling and indications of topological states.
In my talk, | will present recent spin resolved Angle Resolved Photoemission Spectroscopy (ARPES)
measurements of the low dimensional electron gas at SrTiO, [1, 2, 3], TiO,-anatase [4] and LAO/STO [5]
interface showing that these systems have capability for the realization of TMO based electronic device.
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Tue-14:00-0-ORGS
On-surface synthesis of free-base corroles: a combined theoretical and
experimental characterization

ORGS Organic molecules on solid surfaces
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P.S. Deimel?3, P. Casado Aguilar3, Y. Zhang?3, A. C. Papageorgiou?, R. Koch?, J. V. Barth 3,
W. G. Schmidt?, S. Millegger*, W. Schofberger?, F. Klappenberger 3, U. Gerstmann 2

" Det teknisk-naturvitenskapelige Fakultet, Universitetet i Stavanger, Norway;
2 Lehrstuhl fiir Theoretische Materialphysik, Universitct Paderborn, Germany;
3 Festkorperphysik, Universitdit Linz, Austria;

* Physik Department E20, Technische Universitdt Miinchen, Germany;

3 Institut fiir Organische Chemie, Universitdt Linz, Austria

Corroles are structurally closely related to the well-known porphyrins with their aromatic tetrapyrrole
macrocycles. They have a lower symmetry and a smaller congested cavity. This and the resulting changes
in the electronic structure promote the stabilization of metal ions in exceptionally high oxidation states.
Therefore, corroles are distinctive candidates for various biomedical, catalytic, or solar cell applications.
During the past decade, extensive studies regarding the synthetic aspects as well as the activity of different
corrole-chelated metal ions have been reported. Only few studies, however, have been performed on
well-defined model systems where corroles are adsorbed onto clean substrates under ultrahigh vacuum
(UHV) conditions.

Combining dispersion-corrected density-functional theory (DFT) calculations, temperature-programmed
desorption (TPD) measurements, scanning tunneling microscopy (STM), X-ray spectroscopic
signature (XPS), near-edge X-ray absorption fine structure (NEXAFS) spectroscopy measurements
and simulations, we characterize the chemical state and the conformation of the free-base corrole
5,10,15-tris(pentafluorophenyl)corrole (3H-TpFPC) adsorbed on a Ag(111) surface and unravel annealing
induced chemical reactions.

Our novel method to simulate the XPS and the NEXAFS signatures of the C1s and N1s edges facilitates a
thourough interpretation of the spectral features and predict new molecular chemical states arising at
elevated temperatures.

We reveal a formation of on-surface stable corrole radicals by a site-specific cleavage of a pyrrole N-H bond
triggered by annealing to 330 K. The molecular species adsorbs with a near-to-planar macrocycle tilted
approximately 20° with respect to the surface plane contrasting the typical saddle-shape conformation
of related porphyrin species. The tilted adsorption geometries enable the molecules to aggregate in
non-trivial interwoven monolayer structures. After annealing to 430 K, a thermally induced regioselective
cyclization (ring closure) reaction between the phenyl ring and the pyrrolic moiety, mediated by the
radical cascade, has been reported. The ring-closed radicals form a highly symmetric regular monolayer
structure describing a hexagonal lattice. Our calculations resolve the packing motif and predict the
molecular conformations within the structure.

215



M eCcoss 33 ORAL PRESENTATIONS

[ 27 AUG - 1 SEP 2017
% SZEGED, HUNGARY

Figure Corrole Phases on Ag(111)
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Tue-14:40-0-EG2D @
Fast surface X-ray diffraction: Gold epitaxy on MoS,

EG2D Epitaxial growth and modification of 2D materials

Andrea Resta’', M. Narayanan-nair’, Y. Garreau', A. Taleb ', A. Vlad ', A. Coati', Tejeda A?,
Y. Garreau’
" Synchrotron SOLEIL — L'Orme des Merisiers — Saint-Aubin;

2 Laboratoire de Physique des Solides, CNRS-UMR 8502 Orsay France;
3 Univ Paris Diderot, Sorbonne Paris Cite, MPQ, CNRS,UMR 7162, F-75205 Paris 13, France

Metal to semiconductor junction is a long lasting research topic, that recently with the uprising
fields of two dimensional materials find new challenges [1, 2, 3]. In this prospective investigating
atomic structure and growth at the metal to 2D material interface can provide relevant information.
More specifically we investigate the growth of gold under ultra high vacuum (UHV) condition on
MoS, by surface x-ray diffraction, grazing incidence small angle scattering and scanning tunneling
microscope and high resolution core level spectroscopy. The substrate is 2H-MoS, (0001) single
crystal synthetically grown and commercially available. The single crystal was prepared by cleaving
in air and then quickly transferred into the UHV chamber, followed by degassing at 400 C. The
gold was deposited by physical vapor deposition while the substrate held at room temperature.
The diffraction experiment reveal highly oriented particles, see image 1.A) The in-plane map (HK) taken
at L=0.15 shows the diffraction spots specific for the Au(111) surface orientation, which is further sustained
by the out of plane maps where the crystal truncation rods of the particle’s to MoS, interface surface
coincide with the aforementioned Au(111) surface orientation. It is therefore possible to orient the particles
with respect to the substrate. Thanks to two-dimensional detector it is easily accessible to study the L
dependence of the gold signal and its evolution upon annealing from the 4D data collected in a map.
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Figure: A) Here reported the in-plane [HK] cut in the reciprocal space. In the map are visible the signal
from the substrate and from the gold particles in the vicinity. In the B) field is reported the Au 4f 5/2 signal
registered for the gold[4] as deposited and for the ripened particles after an annealing at 400 C.
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Moreover thanks to the the high resolution granted by the two dimensional detectors it is possible
to obtain unique information on the embedded gold/MoS, interface otherwise hidden to the probe
microscopy techniques. In the field B of the image is reported the particles ripening after thermal
treatment observed by high resolution core level spectroscopy. The spectra are de-convoluted with four
peaks and in agreement with the signals development observed in the SXRD experiments. Through
those techniques it is therefore possible to follow growth and ordering of nanoparticles as well as the
reordering/reshaping occurring upon annealing.
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Thu-9:40-O-MOLA
Multi-layered poly-functional microspheres for rapid multiplexed immunoassay

MOLA Ultrathin two-dimensional molecular self-assembly
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S. A. M. Tofail %, C. Silien 2
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2 Department of Physics, University of Limerick, Limerick, Ireland;
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Early detection of diseases such as pancreatic cancer and neurodegenerative disease (Alzheimer’s or
Parkinson disease) is a prerequisite for our health and well-being and enables fast and more effective
treatments. Yet, biomarkers of such diseases are usually present at very low concentration in samples
(blood, serum and salvia) and thus rapid, highly sensitive and accurate detection methods are needed.
We are developing poly-functional multi-layered silica micro beads, which use SERS[1] and fluorescence
for multiplexed immunoassays with dual mode recognition. Surface enhanced Raman spectroscopy, with
its high sensitivity, chemical specificity and capacity for multiplex detection [2], provides a powerful tool
for accurate identification of the beads and fluorescence immunoassay detection ensures highly selective
biomarker detection and quantification. The beads incorporate a nanostructured silver layer gowned at
the surface of a porous silica microsphere by a new single-step electroless plating method. The silver layer
is functionalized with thiol- or thioacetate-based self-assembled monolayers that act as active Raman
reporters. Polyelectrolyte multilayers and mine-functionalized silica shells encapsulate these reporters
and act as immunoassay substrate, on which monoclonal antibodies are covalently attached.

Here, we will discuss the growth protocols and in particular the optimization of the nanostructured silver
film and of the silica shell, to maximize the SERS signals and maintain the integrity of the Raman reporters
during encapsulation and immunoassay detection. We will show that our beads affords multiplex
detection and accurate diagnostics of clinical samples including. To further fasten the identification in
these multiplex assay, we show that the beads also exhibit strong resonant coherent anti-Stokes Raman
scattering (CARS). The assay is currently being developed as a diagnostic for pancreatic cancer by targeting
three blood based biomarkers.

Figure 1 (LHS): SERS spectra of ten
fully functionalized particles obtained
using a Jobin-Yvon LabRAM HR
confocal Raman microscope using 532
nm laser. Spectra were collected with
1 s acquisition time and 0.06 mW laser
power. The insert shows an SEMimage % pem
of a fully functionalised 1 um size e

silica bead. (Inset) Laser Scanning confocal microscopy fluorescence image of fluorescent microspheres following
formation of an Immunocomplex for TNF-a with a secondary fluorescent tagged antibody (RHS): Schematic repre

Normalised Intensity
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Mon-14:40-O-CATL @
Oxidation reactions on Au surfaces: the role of water

CATL Catalytic 2D-model studies at low pressures

Raphael Moreira, Thomas Risse, Erik Meyer

Institut fiir Chemie und Biochemie, Freie Universitdt Berlin,
Takustr. 3, 14195 Berlin, Germany

Nanoporous gold has emerged as a very promising catalysts for a variety of catalytic processes. In
recent years’ significant efforts have been made to elucidate the role of structural aspects as well as
admixtures of a second metal, oftentimes silver, which remains in the systems produced by corrosion
of an appropriate alloy such as AuAg. Investigations on well-defined single crystalline model systems
provide evidence that the reactivity of nanoporous gold can be rationalized by the properties of low
index Au surfaces. However, various open questions still remain such as the role of the second metal,
steps or the importance of water for the understanding of the catalytic properties.

In this contribution, we will present results for different oxidation reaction on Au single crystal surfaces
using molecular beam techniques combined with in-situ IR spectroscopy. In particular, we will focus
on the role of water for two different oxidation reactions namely CO oxidation and oxidative coupling
of alcohols. As Au surfaces do not dissociate molecular oxygen under UHV conditions the experiment
utilize an effusive beam of atomic oxygen as created by a thermal cracker. We will discuss the steady
state reactivity as well as transient kinetics of the oxidation reactions under isothermal conditions using
pulsed beams and combine these with IR spectroscopic results to elucidate the nature of possible surface
species. The transient kinetics observed in these experiments provide clear evidence for a complex
reaction scenario than anticipated even for a simple oxidation such as the reaction of CO by oxygen
atoms. The mechanistic implications of water on the reaction mechanism become even more intricate
for more complex reactions such as the oxidative coupling of alcohols for which water as a reaction
product may play an important role. Depending on the conditions chosen to run the experiment water
can increase or decrease the reactivity or change the selectivity of the process. Possible scenarios to
understand these results will be discussed taking theoretical considerations into account.
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Revealing phthalocyanine arrangements on Ag(100):
from pure overlayer of CoPc and F, CuPc to bimolecular heterostructures

ORGS Organic molecules on solid surfaces

Agata Sabik, Piotr Mazur, Franciszek Gotek, Grazyna Antczak
Institute of Experimental Physics, Department of Physics and Astronomy, University of Wroctaw, Poland

Metal phthalocyanines (MPc) are macrocyclic coordinative compounds, with remarkable chemical and
thermal stability, which have been widely studied as the suitable candidates for organic electronic
devices. Variety of molecular compositions are available and provide broad array of MPc (opto)electronic
and magnetic properties. It is also possible to tune material properties by preparation of the layer which
consists of MPc blend. The commonly performed fundamental studies on the adsorption of MPc on
monocrystalline metal and semiconductor surfaces are indirect way to get better insight into organic
nanotechnology.

In this work we have utilized scanning tunneling microscopy (STM) and low energy electron diffraction
(LEED) to determine the structural properties of cobalt phthalocyanine (CoPc) and prefluorinated copper
phthalocyanine (F, .CuPc) on the Ag(100) surface. For coverages close to monolayer both studied systems
form long-range ordered structures which are detected by LEED. Their alignments (with respect to the
[110] silver crystallographic direction) was investigated by STM. The local lateral molecular arrangements
depend on the molecule composition.

Finally, we co-adsorb CoPc and F, .CuPc on the Ag(100) surface. We demonstrate that adsorption of
CoPc-F, ,CuPc blend also leads to formation of ordered structure, visible in both STM and LEED investi-
gations. The difference in the STM appearance of central part of the molecule allows us to distinguish
each MPc in the bimolecular heterostructure. The blend consists of molecular chessboard in which
CoPc and F, .CuPc arrange in alternating manner.

This work has been supported by National Science Center, Poland within the project number
2015/19/N/ST3/01044.
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Tue-16:00-O-CATL ®
CeO,_(111), a model catalyst for the HCl oxidation

CATL Catalytic 2D-model studies at low pressures

Christian Sack', Herbert Over', Pablo Lustemberg?, Maria Verénica Ganduglia Pirovano?

1 Physikalisch-Chemisches Institut, Justus-Liebig-Universitdit GielSen, Heinrich-Buff-Ring 17, 35392 GielSen,
Germany;

2 Instituto de Fisica Rosario (IFIR-CONICET), Bv. 27 de Febrero 210bis, S2000EZP Rosario, Santa Fe, Argentina;

3 Institute of Catalysis and Petrochemistry, Spanish Council for Scientific Research, Marie Curie, 2.
Cantoblanco, 28049 Madrid, Spain

CeQ,  is capable of catalyzing the reaction of HCl and O, to form Cl, and H,O, a process which is of great
industrial interest. Amrute et al. published a DFT based catalytic cycle for the HCl oxidation over CeO,(1M)
together with FTIR measurements of nano particle CeO, powders [1].

In this contribution we provide first surface science experiments, in combination with DFT modeling and
calculations, for the HCl oxidation on crystalline CeQ, (117) films with 1.5<x<2.0. The goal is to achieve a
deeperinsight into the elementary steps of the catalytic cycle and the active sites of the CeQ,_(111) model
system. CeO, (111) samples were grown on a Ru(0001) substrate, samples with lower oxygen content
were created via soft sputtering the ceria film. HCl adsorbs on the ceria surface at room temperature
forming an ordered (/3 x v/3)R30° overlayer structure, which was monitored with LEED. Supported by
DFT calculations, we propose a first explanation for the overlayer structure, where Cl can either adsorb
on-top of a Ce position, being stabilized by a neighboring hydroxide species, or on surface oxygen
vacancies. Under UHV conditions, Cl is stable on the surface up to temperatures between 700 K and 900
K, depending on the degree of reduction of the ceria film. The concentration of surface Cl was quantified
with XPS, where we can show that the maximum Cl surface concentration depends critically on the defect
chemistry of the ceria film.

Our present understanding of the surface science experiments for HCl-CeO, (111) will be critically compared
to the reaction mechanism proposed by Amrute et al. [1].

References:
[11 A.P. Amrute et al. Journal of Catalysis 286 (2012) 287-297.

222



M eCcoss 33 ORAL PRESENTATIONS

[ - 27 AUG - 1 SEP 2017
% SZEGED, HUNGARY

Thu-10:00-O-MOLA
Ultrathin film polymorphs of ferrocene derivatives assisted by functional groups
and solvents

MOLA Ultrathin two-dimensional molecular self-assembly

Prithwidip Saha, Vinithra G, Himani Malik, Ramesh Ramapanicker, Thiruvancheril G. Gopakumar
Department of Chemistry, Indian Institute of Technology Kanpur, India

Ferrocene (Fc) derivatives are well known for its highly tunable electronic properties, which gain attention
in molecular thin film based devices."? Due to high thermal instability and diffusion on surfaces,?
formation of ordered pattern of Fc molecules are challenging at room temperature. This adverse effect
in turn reduces its applicability in electronics, which rely on defect free ordered adlayer. To overcome this
difficulty, we have introduced functional moiety with possible donor hetero atoms in view of hydrogen
bonding stabilization between molecules.

Ultrathin films prepared by drop casting method of several Fc derivatives are investigated on highly
oriented pyrolytic graphite (HOPG) using Atomic Force Microscope. Different kinds of ordered self-
assembled patterns like one dimensional (1D) and 2D assemblies are observed at sub-monolayer coverage.
Upon incorporation of different functional groups within the Fc derivatives, we show a control on the
selectivity of 1D-islands over 2D domains,* which is understood using previous theoretical calculations.®
We also show nature of solvent plays a vital role in controlling the growth of Fc derivatives at sub-
monolayer coverage. Molecules drop-casted from methanol shows typically 2D growth (Figure a and its
inset), while high boiling solvent shows extended 1D growth (Figure b). We interpret this observation is
due to competitive kinetic and thermodynamic control.

References:

[1] Yokota, Y.; Fukui, K.-1; Enoki, T.; Hara, M. J. Phys. Chem. C, 111, (2007), 7561-7564.

[2] Fabre, B. Acc. Chem. Res. 43, (2010), 1509-1518.

[3] Braun, K.-F,; lancu, V,; Pertaya, N.; Rieder, K.-H.; Hla, S.-W. Phys. Rev. Lett. 96, (2006), 246102.

[4] Saha, P; Yaday, K.; Chacko, S.; Philip, A. T.; Ramapanicker, R.; Gopakumar, T. G. J. Phys. Chem. 120,
(2016), 9223-9228.

[5] Bogdanovic, G. A.; Novakovic, S. B. Cryst. Eng. Commun. 13, (2011), 6930-6932.
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Electronic properties of thallium single crystal thin film

BAND Band structure of solid surfaces
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Yasmine Sassa?, Jun Fuijii4, Yasuo Yoshida®, Yukio Hasegawa, Satoru Ichinokura®,
Ryota Akiyama®, Shuji Hasegawa®

" Department of Materials Science, Chiba University, Chiba 263-8522, Japan;

2 Department of Nanomaterials Science, Chiba University, Chiba 263-8522, Japan;

3 Department of Physics and Astronomy, Uppsala University, S-75121 Uppsala, Sweden;

*TASC Laboratory, IOM-CNR, SS 14, km 163.5, I-34012 Trieste, Italy;

3 Institute for Solid State Physics, The University of Tokyo, Kashiwa 277-0882, Japan;

¢ Department of Physics, The University of Tokyo, Tokyo 113-0033, Japan

Heavy element single crystals show interesting physical phenomena owing to their strong spin-
orbit coupling. For example, Bi single crystal shows spin-polarized surface electronic bands [1], and
Pb and Tl show superconductivity at 7.2 K [2] and 2.4 K [3], respectively. Of these three heaviest non-
radioactive elements, the electronic band structures of Bi and Pb, which are indispensable to have a
proper understanding on their physical properties, have been studied in details both experimentally
and theoretically. In contrast to these two elements, however, there is no experimental study on the
electronic structure of Tl single crystal. The main reason of this lack is that there was no Tl single crystal
that is large enough to perform angle-resolved photoelectron spectroscopy (ARPES) measurement. In
our study, we have succeeded to grow a Tl single crystal thin film, which is large enough to perform
ARPES measurement, on a Ag(111) substrate. The formation of Tl single crystal film was confirmed by
the observation of sharp spots and low background intensity in low-energy electron diffraction (LEED),
and the atomic structure using scanning tunneling microscopy (STM). The spin-splitting band predicted
theoretically at the H point of the Brillouin zone [4] was clearly observed in the ARPES measurement, and
the obtained Fermi surface shows good agreement with that of the theoretically Fermi surface in the
A-H-L plane [4]. However, although the electronic structure was measured with different photon energy,
there was only negligible difference in both electronic structure and Fermi surface. In this presentation,
we will show detailed electronic structure of Tl single crystal film grown on a Ag(111) substrate, and
discuss the origin of the negligible dispersion along the surface normal direction. We will also show the
superconducting phase transition of this Tl thin film, and discuss the possibility of being topological
superconductor.

References:

[11 Yu. M. Koroteev et al.,, Phys. Rev. Lett. 93, 046403 (2004).

[2] W.L.McMillan, Phys. Rev. 167, 331 (1968).

[3] T.Imamura, K. Okamoto, M. Saito, and M. Ohtsuka, J. Phys. Soc. Jpn, 40, 1256 (1976).
[4] R.Heid and K.-P. Bohnen, Phys. Rev. B 81, 174527 (2010).
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Adsorption and photolysis of trimethyl acetate on TiO,(B) (001) studied with
synchrotron radiation core level photoelectron spectroscopy

PISC Photo-Induced Surface Chemistry
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Anne Borg?
" Dept. of Physics and Astronomy, Uppsala University, P. O. Box 516, SE-75120 Uppsala, Sweden;

2Dept. of Synchrotron Radiation Research, Lund University, P. O. Box 118, SE-22100 Lund, Sweden;
3Dept. of Physics, Norwegian University of Science and Technology (NTNU), NO-7491 Trondheim, Norway

Titanium dioxide (TiO,) appears in four natural polymorphs: rutile, anatase, brookite and B-phase. TiO,
has a wide range of applications of which the surface chemical properties are for example exploited
within the fields of thermal catalysis, photocatalysis, and photoelectrochemistry. Specifically, devices
based on TiO, are used in water splitting, degradation of organic pollutants, hydrophilic coatings and dye-
sensitized solar cells. Due to its open structure, TiO,(B) has recently mostly been associated with energy
storage applications, particularly as electrode material for rechargeable Li ion batteries. Little is known
about surface thermal and photochemical phenomena of TiO,(B). This shortcoming has so far been, due
to difficulties in the realization of TiO,(B) samples for surface science studies. Recent experiments have
however shown that it is possible to obtain TiO,(B) in the form of ultrathin films. The films have been
formed in ultrahigh vacuum (UHV), which ensures optimal purity and clean surfaces. TiO,(B) films have
been formed on both Pt(111), Pt(110) and Au(111) and STM images reveal that the films comprise large
domains of TiO,(B)(001) [1,2].

In this contribution, the first experimental study of the adsorption of an carboxylic acid, trimethyl
acetic acid (TMAA, (CH3)3CCOOH), on TiO,(B)(001) is presented. Synchrotron radiation photoelectron
spectroscopy has been used to explore the adsorption and photooxidation of the formed trimethyl
acetate (TMA). The TiO,(B)(001) substrate was realized in the form of 2 nm thick film on Au(111). The TMA
species adopt the bidentate bonding configuration with a thermal stability comparable to that on rutile
TiO,(110) [3]. Photolysis using both UV light and soft x-rays was employed and compared to the reaction
on the reduced rutile TiO,(110) surface. A kinetic analysis suggests that the initial photoreaction rate for
TMA on the TiO,(B) thin film is two times higher than that on the reduced rutile surface. The different
photoactivities are discussed on the basis of the influence from reduced Ti species [4,5].

References:

[1] A.Vittadini, F. Sedona, S. Agnoli, L. Artiglia, M. Casarin, G.A. Rizzi, M. Sambi, G. Granozzi,
ChemPhysChem 11 (2010) 1550.

[2] D.Ragazzon, M.H. Farstad, A. Schaefer, L.E. Walle, P. Uvdal, A. Borg, A. Sandell, Surface Science 633
(2015) 102.

[3] J. M. White, M. A. Henderson, J. Phys. Chem. B 109 (2005) 12417.

[4] Z.-T.Wang, N. A. Deskins, M. A. Henderson, I. Lyubinetsky, Phys. Rev. Lett. 109 (2012) 266103.

[5] A.Sandell, D. Ragazzon, A. Schaefer, M. H. Farstad and A. Borg, Langmuir 32 (2016) 11456.
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Silica-based catalyst supports are inert, are they not?:

Striking differences in ethanol decomposition reaction originated from meso- and
surface-fine-structure evidenced by small-angle X-ray scattering

NAEX Novel advancement of experimental methods

Andras Sapi', Dorina G. Dob6 2, Daniel Sebdk 3, Gyula Halasi', Koppany L. Juhasz',
Akos Szamosvolgyi', Péter Pusztai’, Erika Varga*, Ildiko Kalomista* Gabor Galbacs?,
Akos Kukovecz '?, Zoltan Kénya '3

" Department of Applied and Environmental Chemistry, University of Szeged, Rerrich B. square 1, 6720 Szeged,
Hungary;

2 MTA-SZTE “Lendiilet” Porous Nanocomposites Research Group, University of Szeged, H-6720 Szeged,
Hungary;

3 Department of Physical Chemistry and Material Science, University of Szeged, H-6720 Szeged, Hungary;

* Department of Inorganic and Analytical Chemistry, University of Szeged, H-6720 Szeged, Hungary

6.6 nm Pt nanoparticles with narrow size distribution were anchored on mostly identical, amorphous silica
supports (SBA-15, MCF-17, Silica Foam) and were tested in ethanol decomposition reactions at < 300 °C.
The reaction on the Pt/SBA-15 was ~2 times faster (0.073 moleculesssite-1.s-1) compared to Pt/MCF-17
(0.042 moleculesssite-1+s-1) and Pt/SF (0.040 moleculesssite-1.s-1) at 300 °C. In the case of Pt/SF, selectivity
towards acetaldehyde was ~2 times higher compared to the Pt/MCF-17 and Pt/SBA-15 catalysts. In the
case of Pt/MCF-17 and Pt/SBA-15, the methane to acetaldehyde ratio was ~ 4 times higher compared to
the Pt/SF catalyst. The ethene selectivity was ~1.5 times higher in the case of Pt/SBA-15 compared to Pt/
MCF-17 and Pt/SF. Small Angle X-ray Scattering (SAXS) studies showed striking differences in the nature
of the surface of the different silica supports, which may be responsible for the activation, and selectivity
deviation in ethanol decomposition reactions. The SBA-15 has the most disordered mesostructure and SF
has a fine surface structure with a diffuse phase boundary may resulted in the high activity and varying
selectivity, respectively.
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Phonons of ultrathin Perovskite Oxide Films

OXID Oxide surfaces and ultrathin oxide films

F. O. Schumann’, K. Meinel ', W. Widdra '

" Institute of Physics, Martin-Luther-Universitcit Halle-Wittenberg, Von-Danckelmann-Platz 3, 06120 Halle,
Germany;
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Phonons and their softening are key elements for the understanding of phase transitions in ferroelectrics
and multiferroics. In thin films, phonons as well as phase transition temperatures depend sensitively on
the strain within the film. Here we report on high-resolution electron energy loss spectroscopy (HREELS)
on the (001) surfaces of BaTiO,, SrTiO, and the Ruddlesden-Popper series of Sr  Ru O, . with nof 1 and
2 (as can be seen in the figure for SITiO, ). HREELS reveals three dipole-active phonon-polariton (Fuchs-
Kliewer) modes, which are derived from the known transversal optical bulk phonons (sketched in the
figure). In addition, it will be demonstrated that the complex dielectric function in the energy range from
4 to 1000 meV (30 to 8000 cm™) can be quantitatively extracted from the experimental loss function.
The full dielectric characterization for (001)-oriented single crystals of BaTiO, and SfTiO, with different
intentional doping levels will be presented. The extracted surface dielectric function will be quantitatively
compared with available bulkinfrared data and allows the experimental determination of the surface-near
doping level and a quantitative assessment of plasmonic contributions. For ultrathin films of BaTiO,(001)
as grown by MBE or magnetron sputtering on various substrates, HREELS data allow for the first time
the determination of the complex dielectric functions of ultrathin oxide films down to single unit cell
thicknesses. These data will be discussed with respect to a two-dimensional electron gas (2DEG) at the
surface, electron-phonon coupling, as well as strain-driven phonon softening.
SupportbytheSonderforschungsbereich SFB-762 “Functional oxideinterfaces”is gratefullyacknowledged.
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HREEL-spectra of STO at 300 K. The spectra consist of the three dipole-active phonon-polariton, marked
by arrows and multiple losses. The vibration of the ions for the three modes are sketched (Sr green, Ti red,
O blue).
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The adsorption sites of CO, on cerium oxide studied using quantitative TPD

OXID Oxide surfaces and ultrathin oxide films
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The adsorption of different amounts of CO, on powdered CeO, was studied, in near realistic conditions,
using a system combining a volumetric gas adsorption facility with thermal programmed desorption
(TPD) for residual gas analysis. Adsorption kinetics curves were obtained as a function of the CO,
exposure pressure. The adsorption stage was followed by a TPD process to follow the rate of desorption
as a function of sample temperature (in the range 310 and 930 K) for the different exposure pressures (as
seen in Figure 1).

Several reproducible desorption peaks, associated with different adsorption sites, were clearly identified
in the TPD spectrum. The activation energies and occupation of the various adsorption states were
derived based on de-convolution of the TPD spectra. The distribution of increasing amounts of adsorbed
CO, between the different adsorption sites on the oxide at 310 K was thus obtained and their sequence
of occupation determined. An assignment for the different adsorption states, showing distinctive
characteristics (such as red shifts and interaction between sites), is proposed. These results are correlated
to the adsorption kinetics to get more insight about the mechanism for CO, adsorption on ceria.
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Ferroelectricity at the atomic scale

SAMA Structural analysis and manipulation on atomic scale
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Ferroelectricity at the nanometer scale is a long-standing goal in materials science. The smallness of
ferroelectric domains todate is limited by the resolution of AFM probes in contact mode on films with
thickness of a few nm of ferroelectric materials [1]. Furthermore, ferroelectricity is intrinsically suppressed
at the nanometer scale when a thin ferroelectric is sandwiched between metallic electrodes due to:
(i) depolarization due to imperfect screening of the surface dipole by free charges at the metal [2]; (ii)
quenching of the polar distortion by the energy gain due to electronic hybridization with the metal [3].
The key ingredient for ferroelectricity is the breaking of inversion symmetry of a polar insulator. In
ferroelectric oxides, this breaking proceeds via a spontaneous structural transition where charged
atoms can occupy bistable non-centrosymetric positions. However, the symmetry breaking can be
also induced by a compositional asymmetry, as shown for artificial tricolor superlattices [4]. We have
recently reported that applying concepts of atomic scale engineering, it is possible to use the abrupt
compositional discontinuity occurring at a surface to induce ferroelectriciy in ultrathin ionic insulators.
The distinct feature of Scanning Probe Methods in nanotechnology is its ability to manipulate matter at
the atomic scale while probing simultaneously its mechanical, magnetic and electronic properties. In this
way, we have been able to design the specific structural and compositional environment of atomic scale
objects that provides a bistable electric polarization switchable by the electric field applied by a sharp
metallic tip. In particular, ferroelectricity is strongly enhanced around single anion vacancies created by
tip identation onto bilayer films of binary rock-salts. The rock-salt is decoupled from the metallic bottom
electrode by a copper nitride monolayer. The electric polarization is probed by a STM tip attached to
a piezoelectric transductor (gPlus sensor) which allows for simultaneous tunneling current and force
measurements: the local workfunction, atomically resolved Kelvin Probe Spectroscopy and non-contact
AFM force spectroscopy. This principles can be applied to many different active layers that do not need
to be necesarily ferroelectric in bulk phase.
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Figure (a) shows a constant current STM topography of one anion vacancy. Figures (b) and (c) show
tunneling conductance maps of this vacancy and its neighbouring atoms in the two different electric
polarization states (u1 and p2). Note that the difference between (b) and (c) corresponds to tunneling
electroresistance at the atomic scale.
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Enantiomeric Separations of Chiral Pharmaceuticals using Chiral Tetrahexahedral
Au Nanoparticles

ORGS Organic molecules on solid surfaces

Nisha Shukla, D. Yang, Y. Zhao, A.J. Gellman

Carnegie Mellon University, Department of Chemical Engineering, Scott Hall , 5000 Forbes Avenue,
Pittsburgh, PA-15213, USA

Chiral tetrahexahedral (24-sided) Au nanoparticles have been tested for their use as chiral separators of
pharmaceutical drugs in solution phase. Tetrahexahedral Au nanoparticles were chirally modified with
either D- or L-cysteine. They show enantioselective adsorption of pharmaceuticals such as propranolol
hydrochloride (used for anxiety and high blood pressure) from a solution of racemic propranolol
hydrochloride (PLL), thus leaving an enantiomeric excess in the solution phase [1]. This work indicates
that chiral nanoparticles can be used for enantiomeric separation of real pharmaceutical drugs. A simple
robust model has also been developed that allows extraction of the enantiospecific equilibrium constants
for R-and S-PLL adsorption on the chiral tetrahexahedral Au nanoparticles. The model obviates the need
for experimental determination of the surface area of absorbent Au nanoparticles which is extremely
difficult to measure [2].
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HHlustration of the reversible equilibrium adsorption of R- and S-PLL on THT Au nanopatticles
modified with |- or D-cysteine. The equilibrium constants are enantiospecific, KI' = k5 + Kf =
Kf
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EnviroESCA - Routine surface chemical analysis under environmental conditions
for biological samples

NAEX Novel advancement of experimental methods
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Since many decades XPS (or ESCA) is the well-accepted standard method for non-destructive chemical
analysis of solid surfaces. To fulfill this task existing ESCA tools combine reliable quantitative chemical
analysis with comfortable sample handling concepts, integrated into fully automated compact designs.
Over the last years it has been possible to develop XPS systems, that can work far beyond the standard
conditions of high or ultrahigh vacuum. Near Ambient Pressure (NAP) XPS has become a fastly growing
field in research inspiring many scientist to transfer the method to completely new fields of application.
Thus, by crossing the pressure gap, new insights in complicated materials systems have become possible
using either synchrotron radiation or laboratory X-ray monochromators as excitation sources under NAP
condtions.

Based on this experience SPECS Surface Nano Analysis GmbH has developed a revolutionary tool to
realize the long existing dream in many analytical laboratories: reproducible chemical surface analysis
under any environmental condition. EnviroESCA allows for different applications, like extremely fast
solid surface analysis of degassing (but also non-degassing) samples, ESCA analysis of liquids or liquid-
solid interfaces, chemical analysis of biological samples, materials and device analysis under working
conditions. After introduction of the technological realization a comprehensive survey of results will be
given starting from standard solid conductive samples under different pressure conditions, bulk insulators
with environmental charge compensation applied, high throughput analysis of batches of similar objects,
geological samples, chemical analysis of pharmaceuticals to the comparative analysis of ultrapure liquid
water with different aqueous solutions.

The application of Near Ambient Pressure XPS to biological specimen from plants and animals, biofilms
and bacteria, as well as food samples is a completely new field for electron spectroscopic studies of the
surface chemical composition. An outlook is presented on the application to electrochemical and other
in-operando devices. Finally the influence of the ambient conditions on quantification in XPS will be
demonstrated and discussed.

This project has received funding from the EMPIR programme co-financed by the Participating States
and from the European Union’s Horizon 2020 research and innovation programme.
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Investigating superhydrogenated polycyclic aromatic hydrocarbons on graphite
and their catalytic effect on interstellar H, formation

ORGS Organic molecules on solid surfaces

Frederik S. Simonsen, Anders W. Skov, Pernille A. Jensen, Liv Hornekeer

Department of Physics and Astronomy, Ny Munkegade 120, Aarhus University, 8000 Aarhus (Denmark),
Frederik_doktor@phys.au.dk

Scanning tunneling microscopy and temperature programmed desorption techniques have been used
to investigate adsorption and abstraction of hydrogen atoms on the polycyclic aromatic hydrocarbon,
coronene. Coronene molecules were exposed to different hydrogen fluences at dosing temperatures
of 2300K and 1000K. Large fluences of hydrogen leave superhydrogenated coronene molecules which
reveal stable configurations and indirect evidence of H, formation.

In certain regions of the interstellar medium (ISM), like photodissociation regions (PDRs), unexpectedly
high abundances of molecular hydrogen, H,, are observed. Because of relatively high H, destruction
rates in these regions, the presently accepted formation routes on dust grains cannot exclusively account
for the observed abundances[1]. Therefore new formation routes are needed and lately attention has
been drawn towards molecules called polycyclic aromatic hydrocarbons (PAHs). PAHs are believed to
account for up to 20% of the available carbon in the ISM and have been observed, with significantly large
abundances, alongside H,[2].

Here we investigate the adsorption and abstraction pattern of hydrogen/deuterium on coronene, C, H. ..
Both scanning tunneling microscopy (STM) and temperature programmed desorption (TPD) techniques
have been used. Coronene monolayers were prepared on highly ordered pyrolytic graphite (HOPG) and
exposed to different fluences of 2300K or T000K H or D atom:s.

STM images show brigth spots on the coronene monolayers after hydrogenation indicating adsorption
to coronene edges. TPD measurements show an exponential decay of pristine coronene with increasing
D fluence again showing the adsorption process. TPD also reveals formation of fully deuterated coronene
(C,,D,), hence the original H atoms are substituted with D atoms i.e. by Eley Rideal abstraction reactions
forming HDI3].

Density functional theory (DFT) calculations made for H-addition to coronene molecules predict that the
barrier for adsorption is lowest at the outer edge of the coronene molecule[4]. Further more competing
abstraction and adsorption channels with 0eV barriers should be present after only 3 H-additions to
the coronene molecule. These tendencies can be recognized by both the STM images and the TPD
measurements.

We observe superdeuterated coronene species which appear stable against further hydrogenation at
intermidiate D fluences. These stable configurations are observed only for the 1000K atom doses. Futher
investigation of the stable configurations examed binding energies of superhydrogenated coronene
on an HOPG substrate. The difference in energies reveal buckling of the planar coronene molecule at
intermediate superhydrogenations[5].
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It has been long known that the scanning tunneling microscope (STM) is the perfect tool not only for
imaging single molecules on surfaces, but also can be used to manipulate such molecules in a variety
of ways. The classical method of lateral manipulation is either pushing or pulling via van der Waals
interaction with the STM tip. In the current work it is shown that the electric field of the tip plays an
important role when a dipole moment exists within a molecule. The dipolar nanocar, investigated here
on the Ag(111) surface, displays rotational and translational motion under the influence of the electric
field of the tip. Furthermore, the spatial dependence of the tip position with respect to the molecule
reveals that the dipole moment of the molecule is the deciding factor for the direction of motion. The
rotation and translation of the nanocar can therefore be carefully controlled.
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In the presentation we will present the morphology of assemblies formed on titania surfaces by the typical
organic dye molecules — Zn-porphyrins (Zn-TPP) at a coverage below a monolayer. The molecules of
choice are widely used as dyes in the dye-sensitized solar cells and in many instances they are assumed to
adopt a geometry perpendicular to the surface when equipped with a carboxylic anchoring group. In our
experiments, we have explored adsorption behavior of Zn-TPP and carboxylic-substituted Zn-porphyrins
(COOH-Zn-TPP) on two faces of rutile TiO2: (110) and (011) [1,2]. The selected faces exhibit different reactivity
since the position of Ti atoms in the structure are quite different: in (110) the Ti atoms are exposed for
the interaction with the adsorbates, which makes the surface quite reactive while in the case of (011) face
the Ti atoms are buried making the surface inert. We have found that on the (110) surface the molecules
stay flat on the surface regardless of the presence of a carboxylic group, whereas in the case of (011)
surface the interaction of the carboxylic group with
the surface is sufficient to facilitate lifting the molecular
board from the surface and forming one-dimensional
structures stabilized by the pi-pi interactions between
the molecules (see the figure below). Flat Zn-TPP
molecules on (011) surface can be used, however, as
a wetting layer for deposition of the alternative dyes,
such as Cu and Zn phthalocyanines [3,4]. We will show
that decoupling from the titania surface by the wetting
layer allows for the growth of very well ordered
structures. Additionally, we will present the structures
formed by the Zn-TPP molecules on the (101) face of
another form of titania: anatase. The molecules tend
to adsorb preferentially on one type of terrace edges,
which can be explained by steric considerations. At the
level of a monolayer they form an ordered layer of flat
molecules stabilized by intermolecular interactions.
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Various organic adsorbates for Si(553)-Au surface functionalization
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Organic functionalization of semiconductors is an important route towards the development of novel
semiconductor-based devices [1,2]. In particular the self-assembled formation of ordered organic
molecule structures on silicon is may lead to the formation of interfaces with excellent electrical electronic
properties [3,4]. We investigate the adsorption such small organic molecules as toluene-3,4-dithiol (TDT),
dopamine, and leucine by density functional theory (DFT) simulations. Here we propose a scheme for the
surface modification of the stepped Si(553)-Au surface, tuning the chemical and electronic properties by
site-specific adsorption of a small organic molecules.

Various adsorption geometries of TDT on the clean Si(553)-Au surface and on the terrace sites for
H passivated step edge dangling bonds are analyzed. In spite of expectations, that molecular thiol
groups of TDT will interact with Au chains, we show that the most reactive surface adsorption sites are
the Si dangling bonds at the step edge before and the Si double bonds on honeycomb chains after H
passivation, respectively. The analysis of the surface electronic band structure yields either metallic or
insulating condition at the respective interfaces, depending on the adsorption geometry and coverage.
Our approach offers atomic/molecular scale tuning of surface geometry and electronic properties by
controllable molecular adsorption sites. Nanopatterned surface templates and a switching of chemical
reactivity on the vicinal Si(553)-Au surface is suggested.

@ s
@ c
@

Toluene-3.4-dithiol

Figure: Adsorption sites of toluene-3,4-dithiol on H-passivated Si(553)-Au
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Iron doping on cobalt oxide bilayers on Au(111): toward a model of synergistic
catalytic effect in the oxygen evolution reaction
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Iron doped cobalt oxides have revealed enhanced activity for promoting the oxygen evolution reaction
(OER) compared with unary iron oxides and cobalt oxides, respectively'. However, the nature of such
synergistic catalytic effect and in particular the way iron species incorporate within cobalt oxides are only
understood on a superficial level, which presents a significant obstacle to further exploration on rational
design of efficient OER catalysts. Noble metal supported transition metal oxides have been previously
applied as model catalysts, which enable the powerful surface science techniques, and successfully reveal
the catalytic active sites and help researchers understand the catalytic process further?.

Here, aiming to study the origin of the synergistic catalytic effect, we dope iron into well-characterized
cobalt oxide bilayer nanoislands supported on a single crystal Au(111) substrate3. Atomic-resolved
scanning tunneling microscopy (STM) and X-ray photoelectron spectroscopy (XPS) are used to compare
the growth of cobalt oxide and mixed cobalt-iron oxide bilayers. We perform a comprehensive analysis
of the influence of iron doping on the atomic structure of the nanoislands and oxidation states of both
the dopant and host species.

We find that doped iron species easily integrate into the cobalt oxide nanoislands and adopt a high
oxidation state. In atom-resolved STM images, the Co atoms surrounding the doped Fe appear brighter and
form 6-fold flower-like features due to the local modification of electronic structure, which may indicate a
changed chemical activity of these atoms. Imaging of the O lattice reveals that a similar effect is seen for
the O atoms in proximity of the doped Fe which appear as 3-fold triangle-like features. Our XPS spectra
imply that Co keeps the 2+ oxidation state whereas Fe, surprisingly, adopt a 3+ oxidation state in the binary
oxide, in contrast to the oxidation state of 2+ in the pure iron oxide nanoislands grown under the same
conditions, indicating that iron species in the cobalt-iron oxides have stronger oxidizing ability. Further
water exposure experiments demonstrate that hydroxyl groups usually appear next to the doped iron
sites while almost randomly distributed on the basal plane of pure cobalt oxide nanoislands, suggesting
that iron species in the cobalt-iron oxide play an important role in promoting the catalytic activity.

References:
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3. Walton, Alex S., et al., ACS Nano 9.3 (2015): 2445-2453.

237



27 AUG - 1 SEP 2017
SZEGED, HUNGARY

A& ecoss 33 ORAL PRESENTATIONS

Tue-16:20-0-ORGS
Reversible CO, absorption with a superbasic ionic liquid [P66614] [Benzim] studied
using near-ambient pressure X-ray photoelectron spectroscopy

ORGS Organic molecules on solid surfaces

Karen L. Syres', Zoé Henderson', Rebecca Taylor?, Christopher Hardacre?,
Andrew G. Thomas?

" The Jeremiah Horrocks Institute, University of Central Lancashire, Fylde Road, Preston, PR1 2HE, UK
2 School of Chemical Engineering and Analytical Science, The University of Manchester, Oxford Road,
Manchester, M13 9PL, UK.

lonic liquids have been widely investigated as potential CO, capture agents. The regeneration of some
ionic liquids after CO, capture is a relatively low energy process compared to current industrial solutions
such as monoethanolamine [1,2]. Recently a class of ionic liquids called superbasic ionic liquids (SBILs) have
received considerable attention for CO, capture applications. SBILs have a deprotonated aromatic amine
as the anion and their reaction with CO, leads to the formation of carbamate at one or more of the amine
sites [3]. Studies of SBILs by various groups have shown an excellent capacity for CO, capture [1]. In addition
these SBILs, unlike some other ILs, do not undergo a large increase in viscosity upon CO_saturation, which
makes them potentially useful in large-scale applications. In an experimental and theoretical study of SBILs,
tetra-alkylphosphonium benzimidazolium [P66614][Benzim] (see figure), was able to absorb equimolar
quantities of CO, in the dry state, but when wet its capacity for CO, decreased [1-3].

The recent availability of near-ambient pressure X-ray
photoelectron spectroscopy has opened up the
possibility of measurements of solid and liquid surfaces

in gas pressures of up to a few tens of mbar [4]. Here we
examine the absorption and reaction of [P66614][Benzim]

with CO, and a CO,/water vapour mixture, using near-
ambient pressure X-ray photoelectron spectroscopy.
Results indicate a reaction between the CO, and aromatic
nitrogen atoms to form a carbamate species. Competitive ¢
absorption between water and CO2 indicates that CO,
preferentially binds but water blocks aromatic nitrogen

sites via hydrogen bonding. The CO, reaction appears

to be reversible simply by evacuating the near-ambient
pressure cell, restoring the ionic liquid to its original state.
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Steering molecular organization in adsorbed overlyers is a challenging task which requires detailed
information on intermolecular interaction patterns which are often dictated by molecular geometry,
shape and distribution of functional groups. In this contribution we present the results of theoretical
investigations aiming at identification of supramolecular 2D structures formed by tritopic tectons with
different aspect ratios and differently assigned interaction directions. These structures were modeled
using the Monte Carlo simulation method in which the tripod-shaped building blocks were treated as
rigid planar structures composed of a few interconnected segments. The calculations were performed on
a triangular lattice representing (111) crystalline surface. Molecules having active terminal arm segments
with differently assigned interaction directions were used and their bonding in adsorbed overlayers was
monitored [1-3]. For some of the building blocks additional off-lattice simulations were carried out to
asses the effect of surface corrugation on the self-assembly. The obtained findings demonstrated that
a suitable encoding of the interactions enables directing the self-assembly towards structures such as
strings, ladders and periodic (also chiral) and aperiodic networks. The hints gained from the simulations
can be helpful in tailoring molecular superstructures on solid substrates.

The financial support of the Polish National Science Centre (grant 2015/17/B/ST4/03616) is gratefully
acknowledged.
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TiO,(110) surface - the role of wetting layer stability
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We have investigated the morphology of ultra-thin organic films consisting of rod-like para-hexaphenyl
(6P) molecules on ion beam modified TiO,(110) surface. For the ion-beam modification, the TiO,(110)
substrate surface was irradiated with low energy, 2 keV, Ar ions at oblique (75°) incidence angle and
elevated sample temperature. Under the applied experimental conditions, the ion bombardment of the
titanium dioxide surface results in the formation of a nanoscale pattern with a regularly stepped ripples.
Within one step, the local crystallinity of pristine TiO,(110) was conserved as has been confirmed by
atomically-resolved STM imaging and by low energy electron diffraction. The morphology of developed
molecular structures were examined in situ with Kelvin probe force microscopy (KPFM) and ex situ with
tapping mode atomic force microscopy (TM-AFM).

It has been found that the 6P evaporation of sub-monolayer coverage on rippled substrate results in
the formation of large (100x300 nm?) anisotropic islands, of up-right standing 6P molecules, and a layer
of lying molecules covering the whole TiO,(110) substrate surface (beneath and around the islands -
Fig. 1a). The lying 6P molecules play the role of a wetting layer of certain amount of molecules, above
which, all subsequently adsorbed 6P molecules assemble in form of up-right standing 6P islands during
the deposition process. However, the layer is kinetically unstable structure with low energy barrier of
transformation into next stable phase, which can be induced by e.g. exposure to ambient air. As a result,
we have observed a formation of smaller (20x70 nm?) up-right standing 6P islands between the larger
ones (Fig. 1b). This significant surface redistribution of 6P molecules is clearly visible with KPFM imaging,
where the relative difference in CPD signal between the 6P islands and surface changes from 30-50 mV
to almost 500 mV.
Furthermore, we have ob-
served that the 6P island
elongation is directly corre-
lated with the ripples’ lenght'
and the relative orientation
of the ripple direction and or-
igin atomic rows of pristine
TiO,(110) surface. It is possi-
ble to enhance the 6P islands
elongation in a significant way
by changing the direction of

Figure 1. Topography (left) and CPD (right) images of the rippled TiO,(110) substrate covered by

atomic rows (represented by 6P molecules a) before and b) after exposure to ambient air. The CPD images reveal a significant
. change in contrast between 6P islands and TiO,(110) surface fully covered by a) 6P molecules and

[001]) from perpendICUIar to b) adsorbates from air.

parallel orientation with re-

spect to the ripples.
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By virtue of recentadvances of hybrid-type pixel array detectors in the X-ray region, a wide-rangereciprocal
space mapping by surface X-ray diffraction has been becoming usual since a diffraction measurement
with the stationary mode[1] using two-dimensional(2D) detector has an experimental advantage of high-
efficiency than a rocking mode.

Transmission X-ray diffraction(TXD) using 2D detector is one of the such experimental methods[2], and
gives us a novel way to realize both quick and precise characterizations of nano- and thinfilm-structures
grown on surface. Here, we observed an initial growth of ultrathin Bi film on clean Si(111)-7x7 in real-time
by TXD. The ultrathin Bi film goes through phase transformation according to Bi film thickness[3].

The figure shows a typical TXD pattern of Bi thin-film epitaxially grown on Si(111)-7x7 in ultra-high vacuum
at room temperature observed by a PILATUS-
300K detector with 20 keV X-rays. The synchrotron
experiment was performed at the beamline BL13XU
in SPring-8. The sample was thinned at the center
by chemical etching to reduce thermal diffuse
scatterings from the substrate, which increase
background noises. Both a Debye-ring from Bi{012}
islands and diffraction spots from a Bi(001) film are
clearly seen in addition to the fundamental spots of
the Si(111) substrate indicated by circles. By real-time
observations with 10s periods, we successfully traced
the phase transformation of Bi film from Bi{012} to
Bi(001). It is noteworthy that the super-structure
with 7x7 periodicity has been kept at the interface
even during Bi deposition, which is confirmed by its
diffraction spot.

Bi(001)
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Combination of highly graphitic carbon materials with a semiconductor has been reported to enhance the
photocatalytic activity. The enhancement mechanism can be attributed to carbon materials, which (i) offer
more active adsorption sites and photocatalytic reaction centers, (ii) suppress the recombination and prolong
the lifetime of the photogenerated electron/hole pairs, (iii) narrow the band gap of photocatalyst, and (iv)
act as photosensitizer for catalytic reaction [1]. Composites prepared from graphite oxide (GO) and TiO, have
been found beneficial for hydrogen producing reactions [2,3].

In this work a series of GO/TiO, nanocomposite type of photocatalysts with different GO content was prepared
from aqueous dispersions of Degussa P25 TiO, and exfoliated GO by heterocoagulation as described before
[4]. The composites were tested in the photocatalytic reforming reaction of methanol (1) in liquid phase.

Photocatalyst, hv
CHOH+HO —» 3H,+CO, (1)

Our recent results revealed that the working conditions of the above reaction result in significant changes in the
structural properties of the metal oxide-semiconductor catalyst systems with respect to the fresh photocatalysts
[5]. Our aim was to clarify details of the carbon-semiconductor interaction in the working GO/TiO, catalyst;
therefore we characterized both the fresh and recovered samples by bulk and surface characterization methods
such as diffuse reflectance UV-Vis, 13C MAS NMR, ATR-IR spectroscopy and XPS.

The presence of GO increased the catalytic activity about three- fourfold; the H2 evolution-GO content
dependency showed a maximum, similarly as reported [2,3]. The preparation of the composite itself resulted in
only little changes in the structure of GO, although chemical interaction between GO and TiO, was evidenced
by both ATR-IR spectroscopy and XPS. However during the photocatalytic reaction all of the GO/TiO2 samples
darkened strongly indicating structural changes of GO. The XPS in accordance with 13C MAS NMR showed
significant decrease of surface carbon content in the recovered sample of 10% GO on TiO, probable caused
by the fragmentation and release of the GO sheets. In all cases significant reduction of GO occurred during
the reaction. Meanwhile, both on recovered bare TiO, and GO/TiO, samples new bands appeared in the ATR-
IR spectra which could be interpreted as surface ~-OCH, groups originated from the CH,OH. Newly formed OH
groups in the GO containing recovered samples were well-marked which probable connected to the activity
increase. Details of the structure-activity relationship will be given in the lecture.
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OXID Oxide surfaces and ultrathin oxide films

Quratulain Tarig, Matthias Franke, Daniel Wechsler, Hans-Peter Steinriick, Ole Lytken
Chair of Physical Chemistry Il, Friedrich Alexander University Erlangen-Niirnberg, Germany

The efficient functionalization of metal oxide surfaces by adsorption and covalent attachment of organic
molecules has received considerable attention in emerging technologies, such as molecular electronics,
catalysis and solar cells [1-3].

Tetrapyrrole derivatives, in particular porphyrins, are among the most promising compounds and can
be modified synthetically by variation of the metal center, by attaching different substituents to the
macrocycle, or by introduction of specific linker groups for the attachment on surfaces [4-5].

In present study, we report on the adsorption of a functionalized cobalt porphyrin bearing four carboxylic
acid groups, 5,10,15,20-tetrakis (4-carboxyphenyl) porphyrin (CoTCPP), on ordered MgO(100) thin films
grown on Ag(100). We have combined high-resolution synchrotron-radiation photoelectron spectroscopy
(SRPES) and near-edge X-ray absorption fine structure (NEXAFS) spectroscopy to characterize the nature
of the molecule-surface bonding as a function of coverage and temperature.

SRPES for different coverages of CoTCPP suggests a bidentate binding mode via the carboxylic group. For
sub-monolayer coverages, NEXAFS reveals that CoTCPP adsorbs almost parallel to the oxide substrate, but
as the coverage is increased, the angle to the surface plane also increases. Although, even for monolayer
and higher coverages, COTCPP never adopts a completely upright standing adsorption geometry.

This project is supported by the DFG through FOR 1878 (funCOS).
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Experimental valence band dispersion of CH,NH_Pbl, hybrid organic-inorganic
perovskite

ENER Surfaces for energy production and harvesting
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Organic-inorganic hybrid perovskites are promising absorber materials for low-cost photovoltaic solar
cells or optoelectronic devices [1-4]. Among these perovskites, methylammonium triiodideplumbate
(CH,NH,Pbl,, MAPDbI, or MAPI) exhibits currently the highest efficiency. Here we have analyzed the
structural transition in MAPI by X-ray diffraction at the 3 phase and we have correlated it to its electronic
properties. Despite all the extensive work on hybrid organic-inorganic halide perovskites, their
experimental band structure measured with k-resolution has remained elusive. Such an experimental
determination is a necessary requirement for an accurate theoretical description and understanding
of the system. The impact of the structural phase transitions on the band structure in the operation
temperature range of solar cells needed also to be elucidated. Herein, we present the experimental
determination of the band structure of MAPI with k resolution by angle-resolved photoemission at 170 K
[5]. Our results show that the spectral weight is strongly affected by the cubic symmetry. Some deviations
with respect to theoretical calculations are observed, which may help to reach a more precise description
of this paradigmatic system of the hybrid perovskite family. The project leading to this application has
received funding from the European Union’s Horizon 2020 research and innovation programme under
grant agreement No 687008 (GOTSolar).
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Thu-14:00-O-ORGS
Co-adsorption of alanine and water on Ni(110)

ORGS Organic molecules on solid surfaces

Panayiotis Tsaousis "%, Alix Cornish’, Richard Ed Nicklin', David Watson 3, Georg Held '2

" University of Reading, Department of Chemistry, Whiteknights, Reading, Berkshire, RG6 6AH, UK;

2Diamond Light Source Ltd, Diamond House, Harwell Science and Innovation Campus, Didcot, Oxfordshire,
OX11 ODE, UK;

3 University of Surrey, Department of Chemistry, Guildford, Surrey, GU2 7XH, UK

Enantioselective catalysis is of key importance, since it can provide products with valuable biological
activity. Alanine acts as a chiral modifier in the enantioselective hydrogenation of [3-ketoesters over Ni
catalysts [1].

The present study explores the chemical state and thermal stability of alanine and water on clean Ni{110}
using Temperature Programmed Desorption (TPD), X-Ray Photoelectron Spectroscopy (XPS), Temperature
Programmed-XPS (TP-XPS) and Near Edge X-Ray Adsorption Fine Structure Spectroscopy (NEXAFS). In
addition, the co-adsorption of alanine and water on Ni{110} was also investigated. XPS results of alanine
on clean Ni{110} at different coverages provide evidence that the amino acid exists in the chemisorbed
layer mainly in its anionic form, forming three surface bonds: two via the carboxylate group and one
through the amino group. In the multilayer, alanine is in its zwitterionic form. TP-XPS and TPD results
show that the multilayer desorbs around 300 K while the chemisorbed alanine dissociates around 400-
420 K (fig.1). The temperature is well above the temperature of the catalytic reactions and is the highest
observed on any nickel surface [2].

The presence of multilayer water changes the chemical state of alanine, enhancing the formation of
zwitterionic alanine. Low coverages of water influence the decompo- sition path of the amino acid,
without changing its chemical state.
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Wed-11:40-0-ORGS
Bonding of biomolecules to cerium oxide: histidine and adenine

ORGS Organic molecules on solid surfaces
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lvan Khalakhan', Martin Dubau’, lva Matolinova', Kevin C. Prince?, Tomas Skala’,
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2 Elettra-Sincrotrone Trieste S.C.p.A., in Area Science Park, Strada Statale 14, km 163.5, Basovizza (Trieste),
34149, Italy;
@ Present address: Institute of Physics AS CR, Na Slovance 2, 182 21 Prague 8, Czech Republic
b Present address: Australian Synchrotron, 800 Blackburn Road, Clayton, VIC 3168, Australia

The interface formed between fundamental biomolecules and inorganic oxide surfaces has attracted
considerable attention as a decisive factor in bio-application of nanostructured oxides. We report a
study of the adsorption of histidine and adenine on a cerium oxide model support, by surface science
techniques with the use of synchrotron radiation. The systematic approach was applied that considers
different stoichiometry and morphology of cerium oxide films as well as two ways of molecular
deposition (evaporation in vacuum and deposition from aqueous solution). As the nanostructured ceria
films or powders for real bio-sensing systems contain small crystallites of CeO, and Ce** sites adjacent to
oxygen vacancies and at grain edges and other defects, ordered stoichiometric, polycrystalline, porous,
under stoichiometric and reduced cerium oxide thin films were chosen as model supports. The chemical
state, coverage and bonding of the molecules were studied by synchrotron radiation photoelectron
spectroscopy and resonance photoelectron spectroscopy; molecular orientation was examined by near
edge X-ray absorption fine structure spectroscopy. In view of the importance of nanostructured cerium
oxide in various biological and recently also in pharmacological applications, the primary objective of this
work was to investigate the basic properties of cerium oxide films in their bonding with the biomolecules.
On the well-ordered single crystalline ceria, histidine bonded via the deprotonated carboxylic acid
group, the a amino nitrogen and the imidazole (IM) ring, with deprotonation of its amino nitrogen. On
the polycrystalline oxide, surface bonding occurred via the carboxylic acid group only, and the IM formed
intermolecular bonds. The presence of a “free” IM ring provides the possibility for further interaction or
linkage with other molecules which may be targets for biosensors.

The adenine molecule chemisorbs on stoichiometric cerium oxide intact independent on oxide
morphology and deposition technique. The reduced ceria surface was found to decompose the adenine
molecule. We show that the stability of the molecules is strongly influenced by concentration of Ce** ions
at the surface. These findings are very useful for understanding fundamental processes occurring at the
adsorbate/substrate interface which are crucial to comprehend the impact of ceria in bio-applications.
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On-surface photo- and thermal-generation of higher acenes

PISC Photo-Induced Surface Chemistry
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2 Graduate School of Materials Science, Nara Institute of Science and Technology (NAIST),
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Over the last decades, large acenes and their derivatives have attracted enormous interest due to their
unique physical properties and potential applications in opto- and molecular electronics [1]. Nevertheless,
their synthesis, functionalization and characterization are ambitious and become more challenging
considering the significant decrease in stability as the acene length is enlarged [2,3]. The emerging
research domain of on-surface covalent synthesis bears promise to tackle this challenge. Pioneering
work has shown that surface-assisted reactions allow synthesizing specific polyaromatic molecules
and atomically precise covalent nanoarchitectures under ultrahigh vacuum (UHV) conditions using
specifically designed molecular building

blocks [4,5]. Important achievements a

comprise the formation of polyaromatic Nonacene precursor Nonacene
hydrocarbons, graphene nanoribbons or
two-dimensional networks.

In this work we present a combined
scanning tunneling microscopy (STM),
scanning tunneling spectroscopy (STS),
non-contact atomic force microscopy (nc-
AFM) and density functional theory (DFT)
study enlightening the photo-conversion
of a-diketone protected nonacene and
heptacene precursors into nonacene and
heptacene species on a pristine Au(111) '

substrate. A quantitative analySiS of the ” Dibromo heptacene precursor Heptacene organometallic complex
STM images reveals how the a-diketone

bond dissociation is induced by visible- T ’: jn‘Tj’,’f
lightirradiation giving rise to the formation
of the targeted acene compounds whose
chemical structure is unequivocally
confirm by ncAFM. Moreover their
electronic structure, studied by STS will
be also presented. In addition, a thermal-
conversion approach for Br-substituted
a-diketone protected precursor was carried
out. Annealing of the sample up to 460 K
affords the formation of 1D Au-directed
organometallic nanostructures.

STM
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A subsequent annealing to 535 K results in the thermal-conversion of monomers, (i.e. the cleavage of the
a-diketone moieties) producing Au-directed heptacene organometallic complexes.

Our results introduce a novel strategy towards the design of large acenes and their derivatives using two
different activation pathways, which prospects new avenues in the field of on-surface synthesis.
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Tue-9:40-O-BIMS @
Surface atomic arrangement and grain boundary diffusion in nanolayers

BIMS Bimetallic surfaces and alloy nanocrystals

Viktor Takats, Kalman Vad, Attila Csik, J6zsef Hakl
Institute for Nuclear Research, Hungarian Academy of Sciences, H-4001 Debrecen, P.O. Box 51, Hungary

Surface atomic arrangement induced by grain boundary diffusion was studied in nanolayers by in-situ
low energy ion scattering spectroscopy, X-ray photoelectron spectroscopy, scanning probe microscopy
and ex-situ depth profiling based on ion sputtering. A new experimental approach of measurement of
grain boundary diffusion coefficients was applied. In Ni/Cu bi-layers the appearing time of copper atoms
diffused through the few nanometer thick nickel layer has been detected by low energy ion scattering with
high sensitivity. The grain boundary diffusion coefficient can be directly calculated from this appearing
time without using segregation factors in calculations. The temperature range of 423-463 K insures the
pure C-type diffusion kinetic regime. The most important result is that surface coverage of Ni layer by Cu
atoms reaches a maximum during annealing and stays constant if the annealing procedure is continued.
Scanning probe microscope measurements show a Volmer-Weber type layer growth of Cu layer on the
Ni surface in the form of Cu atomic islands. Depth distribution of Cu in Ni layer has been determined by
SNMS depth profile analysis.

X:50.0nm
: 50.0nm
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Probing the exchange coupling through a Nc-functionalized STM

MAGN Surface and molecular magnetism
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Recent advances in scanning tunneling microscopy (STM) offer the possibility of studying the interaction
between elementary magnets — atoms and molecules. Here we focus on the interaction between a
sandwich molecule, nickelocene (N¢, Fig. 1a), and a transition metal atom. Nc preserves its spin-1 character
and uniaxial magnetic anisotropy upon adsorption in different metallic environments [1]. The adsorbed
molecule presents efficient inelastic spin-flip excitations as evidenced with inelastic electron tunneling
spectroscopy (IETS). In particular we manage to transfer the Nc on the tip apex of the microscope
preserving its properties. Taking advantage of this portable source of inelastic excitations, we use IETS
to spatially probe the magnetic coupling of the Nc at the tip apex to a second spin impurity, a Fe atom
on a Cu(100) surface (Fig. 1b). The electronic transport through these coupled spins also reveals an
asymmetry in the differential conductance [2], which is related to the sign of the coupling (ferromagnetic
or antiferromagnetic). Our findings are discussed in view of density functional theory calculations, which
mimic the STM junction.
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Figure 1: a) STM image of nickelocene and of a Fe atom. Inselt Chemical streciure of Ne. b) Numerical derivative
of difdy specira taken with a Ne-lerminated lip over a Fe alom (red: z=280pm; blue: =130pm),
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Thu-9:20-0-OXID
Imaging and manipulations of dissociated water on In,0,(111)

OXID Oxide surfaces and ultrathin oxide films

Margareta Wagner', Martin Setvin', Steffen Seiler?, Lynn A. Boatner3, Michael Schmid’,
Bernd Meyer?, Ulrike Diebold'
"Institut fiir Angewandte Physik, TU Wien, Austria;
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3 Materials Science and Technology Division, ORNL, Tennessee, USA

Indium oxide is one of the most important transparent conductive oxides (TCOs), and commonly used as
a contact and sensor material. Here, the adsorption of water is investigated with low temperature STM/
AFM, XPS and DFT. Above 100 K dissociative adsorption of water on In,0,(111) single crystals is observed.
At room temperature the surface is saturated with three dissociated water molecules per unit cell,
symmetrically arranged around the six-fold coordinated In atoms. The fully hydroxylated surface shows
a (1x1) structure with respect to the clean In,O,(111) surface. This leads to a well-ordered, hydroxylated
surface where the three terminal OH groups plus the three protons (forming surface OH groups) are
imaged together as one bright triangle in STM. The internal structure is revealed by AFM measurements,
and manipulations with the STM tip, where surface OH groups can be individually removed.
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Mon-14:00-O-BAND
Novel systems toward ambient pressure photoemission spectroscopy

BAND Band structure of solid surfaces

Lukasz Walczak
R&D Department, PREVAC Sp. z o.0., Rogow, Poland

Nowadays, the complexity of materials and their surfaces is expanded across a wide range of topics,
including surface science, catalysis, corrosion, photoelectrochemical energy conversion, battery
technology, or energy-saving technologies [1-5]. An unique and exceedingly flexible analysis cluster with
a detection system is needed for this applied research. Here the examples of innovative, compact ambient
pressure X-ray spectroscopy systems with a some experimental results. One of the example will be a
laboratory based high pressure x-ray photoelectron spectroscopy (HPXPS). The focus is on the usability
of the system for various types of studies relevant for high level research for photo-catalytic reactions,
light harvesting and solar cell development [6]. Further examples will be the advanced HP cell with the
ambient pressure X ray spectroscopy system and flexible gas inlet system to allow for frontier research on
gas-solid interactions. Systems are equipped with the possibility of process automatization in different
environments. Additional it will be presented a spectrometer for the ambient pressure photoemission
spectroscopy with a new monochromatic source, in order to permit complete characterization of the
energy, angular, and later resolutions using different metal samples at different pressures.
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Structural transformation and stabilization of metal-organic motifs induced by
halogen doping

ORGS Organic molecules on solid surfaces
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The interaction of water with titanium dioxide (TiO,) is pivotal for many practical applications of this
material in heterogeneous catalysis because water is almost always present either as a reactant or a
product in many catalytic reactions. In our model study, we focus on the anatase polymorph of TiO, that
has demonstrated a higher catalytic activity in water splitting than rutile and is generally considered
as a more technologically relevant polymorph. The nanocrystals of anatase that are present in powder
catalysts normally expose a high fraction of low surface energy (101) facets and a significantly smaller
fraction of high energy, but supposedly more reactive (001) facets. The (001) facet is intrinsically unstable
and reconstructs upon annealing in vacuum forming 1x4 reconstructed terraces, where rows of bridging
oxygen atoms in [100] and [010] directions are replaced by TiO, units [1]. This kind of reconstruction
has been found both on the (001) facets of anatase single crystals and nanoparticles [2], however the
interaction of water with this surface has been significantly less investigated.

Inthepresentwork, westudytheadsorptionanddissociationof waterontheanatase (001) 1x4reconstructed
surface by means of STM, TPD, and synchrotron core-level and valence band PES under UHV conditions. Our
results show that water dissociates to some extent even at 120 Kand that low water exposures (up to 3 L) at
this temperature results in a mixture of molecularly and dissociatively adsorbed molecules. A systematic
analysis of the data obtained using all three techniques leads us to a conclusion that the A—Ti02(001)—1><4
surfaceis rather reactive — in agreement with an earlier study [3] we find that water dissociates at the ridges
of the 1x4 reconstruction. Moreover, the 1x4 reconstruction remains stable upon water exposures at least
up to ~45 L (at 120 K).
However, after desorption
of a multilayer ice film, the
ridges themselves contain
a high number of defects
(see the STM image in Fig.
1), which remain stable
up to 800 K. The nature

of these defects will be . g

discussed. ' * N¥i, G, Ni, I,

Figure 1: Atypical STMimage oftheanatase (001) 1x4 reconstructed surface
after desorption of multilayer ice film recorded at room temperature.
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Correlation between fractal and wettability of rippled silicon surfaces under ion
beam irradiation

SEMI Semiconductor surfaces and ultrathin layers
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A correlation between fractal properties of rippled surface and wettability is presented on Si (100)
surfaces, which have potential application in various fields like biosensing, optoelectronics and magnetic
devices. Ripple patterns have been fabricated using 200 keV Ar* ion beam at oblique incidence of angle
60 with fluences ranging from 3x10" ions/cm? to 3x10" ions/cm? and the surface morphologies were
captured by atomic force microscopy (AFM). Fractal analysis is performed on these AFM images. The
autocorrelation function analysis showed that the wavelength of ripple patterns varied with ion fluences.
Height-height correlation function is used to estimate the roughness exponent for each surface. It is
found that the roughness exponent increases with increase in ion fluence. Roughness exponent and
fractal dimensions are found correlated with static water contact angle measurement. A sharp variation
in contact angle values is found for low fractal dimensions. The larger values of interface width indicate
the larger ripples on the surface. The contact angle on the water drop on such surface is observed to be
lowest. It is found that the large ripples help in transforming the hydrophobic surface to a hydrophilic
surface. Detailed analysis indicates that the fractal characterization can be useful as a tool for tailoring the
wetting properties of solid surfaces.
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Adsorption and reaction of CO, on graphene studied by ambient pressure XPS

CATH Catalytic 2D-model studies under high pressures

Susumu Yamamoto ', Kaori Takeuchi', Ro-Ya Liu', Yuichiro Shiozawa', Takanori Koitaya ',
Takashi Someya', Keiichiro Tashima?, Hirokazu Fukidom 2, Kozo Mukai', Shinya
Yoshimoto ', Maki Suemitsu?, Jun Yoshinobu', lwao Matsuda'
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Graphene, a two dimensional honeycomb lattice of carbon atoms, has great promise as a catalyst
support due to its high specific surface area and high electron mobility. The adsorption of molecules
on the graphene surface is the most fundamental elementary process in catalytic reactions. Despite of
importance, experimental studies to clarify the interaction of adsorbed molecules with graphene are
still limited. Especially, it has been challenging to experimentally study the adsorption of molecules on
graphene at ambient conditions where catalysts are operated.

In this study, we investigated the adsorption of CO, on graphene at near ambient conditions using
ambient pressure X-ray photoelectron spectroscopy (AP-XPS). The experiments were performed using
a newly developed AP-XPS apparatus [1] at the soft X-ray undulator beamline BLO7LSU [2] of SPring-8.
Monolayer epitaxial graphene on SiC(0001) was adopted as a model graphene surface. At near ambient
conditions of 1.6 mbar CO, gas pressure and 175 K sample temperature, no CO, adsorption was observed
on the pristine graphene, but CO, adsorption was observed on the oxygen-modified graphene surface.
Therefore, the oxygen-modification of graphene enhances the adsorption energy of CO,. The oxygen-
species on the graphene surface was ascribed to epoxide by the XPS binding energies and its temperature
stability. If time allows, we will introduce the hydrogenation reactions of CO, on metal nanoparticles
supported on graphene.

This work was supported by the JST ACT-C project (Grant Number JPMJCR12YU), and carried out as joint
research in the Synchrotron Radiation Research Organization and The Institute for Solid State Physics, The
University of Tokyo.
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Atomic resolution imaging and carrier type determination of Molybdenum
disulfide by noncontact scanning nonlinear dielectric microscopy

SEMI Semiconductor surfaces and ultrathin layers

Kohei Yamasue, Yasuo Cho
Research Institute of Electrical Communication

In recent years, various layered materials have been extensively studied towards their future applications
to functional devices. Like graphite and graphene, they show interesting properties especially when
they are thinned down to a monoatomic layer. Among the layered materials, MoS, is known as a
semiconductor. In particular, a monolayer MoS, has a direct transition band-gap promising for electronic
and optical applications. Here we demonstrate that a MoS, surface and its charge distribution can be
atomically resolved and, at the same time, its dominant carrier type can be determined in a nanoscale by
noncontact scanning nonlinear dielectric microscopy (NC-SNDM) [1-3].

NC-SNDM is a scanning probe microscopy method measuring tip-sample capacitance variation to an
external electric field (9C_/dV). In general, dC,_/0V'is contributed from two different physical properties.
One is a local nonlinear dielectric property characterized by nonlinear dielectric constants (g, i=3,4, - - ).
In particular, €, imaging is useful for determining the direction of spontaneous polarization or permanent
dipole moments in a sample surface. The other comes from semiconductor properties. 9C_/dV can be
directly interpreted as the derivative of a local capacitance-voltage characteristics emerging in a metal-
insulator-semiconductor (MIS) system consisting of a conductive tip, vacuum-gap, and semiconductor
sample in the measurement. Since oC_/dV reflects the response of a depletion layer to an applied field
below the tip, 0C_/dV provides local information of carrier type and density. Furthermore, topographic
information can also be obtained by using ¢,-feedback for noncontact tip-sample distance regulation.
We performed NCG-SNDM imaging of n-type and p-type MoS, in an ultrahigh vacuum at room
temperature. Figures 1 and 2 respectively show simultaneous NC-SNDM images of (a) topography and
(b) oC,, /9Vfor n-type and p-type MoS,. Both topographic images show atomic resolution. In addition, the
polarity of dC_/dV was basically negative and positive for n-type and p-type, respectively, as predicted
from the derivative of local capacitance-voltage characteristics in n-type and p-type MIS systems.
Furthermore, in an atomic scale, dC_/0V was modulated through the intensity difference of €, on each
atomic site. This is attributable to electric polarization or local charge distribution of imaged atoms.
Thus, these results indicate that NC-SNDM will provide rich information on the local electronic properties
of layered semiconductor materials.

This work was partly supported by a Grant-in-Aid for Scientific Research (Nos. 15K04673, 16H02330) from
the Japan Society for the Promotion of Science.
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Fig. 1: NC-SNDM images of n-type MoS,
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Fig. 2: NC-SNDM images of p-type MoS,
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Thu-10:40-O-LASE
Optical control of Young’s type interferometers for ultrafast electron pulses

LASE Laser pulses for surface electron dynamics

Hirofumi Yanagisawa '

" Max Plank Institute of Quantum Optics, D-85748 Garching, Germany;
2 Ludwig-Maximilians Univeristy, D-85748 Garching, Germany

Interference experiments with electrons in a vacuum can illuminate both the quantum and the nanoscale
nature of the underlying physics. An interference experiment requires two coherent waves, which can
be generated by splitting a single coherent wave using a double slit. If the slit-edge separation is larger
than the coherence width at the slit, no interference appears. Here we have achieved optical control
of the double-slit dimension using the simplest form of Young’s interference, which is established via
two electron beams from a nanometre-sized tip apex [1]. Applying high DC fields on the tip apex can
drive electron tunnelling through the surface barrier, known as field emission. The field emission current
density depends exponentially on area of the surface potential-energy barrier. As a result, the emission
sites become localized on the nanometre scale, and it is possible to establish two emission sites within
the coherence width of the electrons inside the tip. This kind of interference has never been observed
other than at the tiny apex of a carbon nanotube with a radius of 5nm [1]. Therefore, careful material and
tip designs are necessary for observing the interference via this method, and controlling the double-slit
properties is very difficult. By using photo-assisted electron emission [2], and without changing the tip
and materials, we could control the distance and opening-and-closing of the double slit, represented by
the surface barriers, by respectively tuning the intensity and polarization of 7fs laser pulses that induce the
photoexcitation [3-5]. We observed interference patterns from two electron beams from a comparatively
large tungsten tip apex with a radius of curvature of approximately 100nm at room temperature, where
interference has never been observed prior to this technique because of the large slit-edge separation.
The underlying physics is derived by numerical modelling and shows that photo-excited electrons on the
tip surface experience small slit-edge separation.
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Tue-14:40-0-OXID
From 2D to 3D Alumina: Interface Templated Growth of y-Al203(111)-like Films

OXID Oxide surfaces and ultrathin oxide films

Wolf-Dietrich Zabka', Dominik Leuenberger’, Gerson Mette 2, Jiirg Osterwalder’

" Department of Physics, University of Ziirich, Switzerland
2 Fachbereich Physik, Philipps-Universitdt Marburg, Germany

The properties of ultrathin oxide films, as well as those of molecules adsorbed on these ultrathin films can
significantly change with increasing oxide film thickness [1-3]. Alumina (AL,0,) thin films grown by selective
oxidation on a NiAl(110) substrate are a frequently used model system [4]. These oxide films consist of
two atomic bi-layers of oxygen and aluminum (2L-alumina) [5]. A new multi-step oxidation procedure
is used to increase the thickness of 2L-alumina from two atomic layers up to 1.5 nm, as measured by
X-ray photoelectron spectroscopy (Fig. 1). The structure of the films is analyzed using X-ray photoelectron
diffraction (XPD) and low-energy electron diffraction (LEED). XPD reveals changes in the atomic short
range order: While increasing the thickness, we observe the local formation of a y-Al,O,(111)-like structure
(Fig. 2). LEED reveals that excellent crystallinity of the 2L-alumina interface is maintained during the film
growth and that the complex long range order implied by the 2L-alumina interface remains. Based on the
2L-alumina model [5] and by finding structural analogies with y-Al,O, a blurred hexagonal structure in the
LEED pattern is identified as evidence for a model of the y-Al,0,(111) surface. Band structures measured
by angle-resolved photoelectron spectroscopy reveal no significant changes in the electronic structure
for the transition from 2L-alumina to thicker films. We conclude that these films are suited for the use as
tunneling barriers and that the sequential preparation of the interface and the following layers provides
a new route to synthesize novel oxide structures.

(11,0,
0.95 1.00 1.05
[ — : |
2L-alumina d=1.0 nm
NiAI[001] NiAI[001]

intensity (arb.u.) =]
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Fig. 1: Al 2p and Ni 3p core level spectra of NiAl(110), 2L-alumina/NiAl(110) and of thicker alumina films on
NiAI(110). An increase of the AP* signal indicates continued oxide formation.

Fig. 2: Experimental O 1s XPD pattern of 2L-alumina (left) and a 1.0 nm thick film (right). The local formation
ofy-AIzO3(111) is observed.
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Adsorption of CO and water on magnetite Fe,O, surfaces

OXID Oxide surfaces and ultrathin oxide films

Eman Zaki, Francesca Mirabella, Francisco Ivars-Barcelo, Shamil Shaikhutdinov,
Hans-Joachim Freund

Department of Chemical Physics, Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6,
14195 Berlin, Germany

Interaction of water with iron oxides received much attention in surface science community due to
its importance in corrosion, geochemistry, and catalysis. In particular, magnetite (Fe,O,) surfaces were
intensively studied, both experimentally and theoretically. The results revealed that water adsorption
critically depends on surface preparation conditions, orientation and surface termination. It appears that
some discrepancy still existing in the literature is originated from uncertainty in the atomic structure of
oxide surfaces under study.

In this work, we made use of well-ordered Fe,O,(111) and Fe,O,(001) films grown on Pt(111) and Pt(001)
substrates, respectively, characterized by LEED and AES. Adsorption studies were performed using
temperature programmed desorption (TPD) and infrared reflection absorption spectroscopy (IRAS).
Adsorption of CO as a probe molecule, corroborated by DFT calculations of the Sauer’s group (HU Berlin),
provide further evidence of the (111) surface structure previously determined on the basis of LEED I/V
measurements. TPD and IRAS results of water adsorption on the (111) surface suggested water dissociation
at low coverages following by molecular water adsorption and their clustering, ultimately resulting in a
(2x2) periodic structure as observed by LEED. Coverage dependent desorption energetics were obtained
from analysis of TPD spectra and compared with previously reported microcalorimetry data.
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Graphene/doped graphene from adsorbed molecules

GRAP Graphene and carbon-based 2D films

Tashfeen Zehra', Ali Syari‘ati', Oleksii Ivashenko ?, Willem Van Dorp?, JT.M De Hosson'',
Petra Rudolf
' Zernike Institute for advanced materials, University of Groningen, The Netherlands;

2 University of Oslo, Norway;
3 Delft University of Technology, The Netherlands

Graphene is a promising candidate for a myriad of applications due to its unique electronic, mechanical,
optical and thermal properties. Chemical doping is an important approach to tailor the properties of
graphene. Usually graphene can be doped by two methods. Substitutional doping with atoms such
as B and N can locally induce significant changes in the electronic properties and chemical reactivity
[1] of graphene. Boron or nitrogen doping in the graphene network transform it into p- or n-type
semiconductor, respectively, accompanied by opening of a band gap [2]. N-doping is extremely significant
for enhanced catalysis for energy conversion/storage. The biocompatibility of carbon nanomaterials can
also be enhance by doping and is therefore favourable for biosensing applications [3]. The commonly
used production method for graphene/doped graphene on metallic substrates is chemical vapour
deposition, where growth starts at different points on the surface leading to defects, grain boundaries
and wrinkles developing due to the different thermal expansion coefficients of substrate and graphene.
Preparing large continuous layers of graphene on conducting and insulating substrates remains a
challenge. A valid alternative to the chemical vapour deposition

(CVD) method is graphene growth by decomposition of adsorbed 35
molecules. Here, we illustrate two examples: graphene from Ni1s
the thermal decomposition of chemisorbed C60 on copper 800 Dggi ;‘éar:'i:e i
and graphene/doped graphene from thiol SAMs on clean and/ 3.4 Ala (rel. cow)
or oxidized copper. In the latter case the adsorbed layer has to j -
be first crosslinked by UV light to prevent desorption during the 700 '
thermal treatment to obtain graphene/doped graphene. In both
cases the quality of the obtained material was verified by Raman % =
spectroscopy; diffraction data (LEED and TEM) testify to the 600 Q
structural properties and XPS on the purity of the material. g 8 15
. 7
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Conclusively addressing the CoPc electronic structure: a joint gas-phase and
solid-state photoemission and absorption spectroscopy study

ORGS Organic molecules on solid surfaces

T. Zhang', I. Brumboiu?, J. Luder?, C. Grazioli*, V. Lanzilotto ', E. Giangrisostomi>,
R. Ovsyannikov>, Y. Sassa’, |. Bidermane~, M. Stupar®, M. de Simone’, M. Coreno’,
B. Ressel ¢, M. Pedio’, P. Rudolf?, B. Brena', C. Puglia

" Dept. of Physics and Astronomy, Uppsala University, Box 516, SE-751 20 Uppsala Sweden;

2 Royal Institute of Technology, Dept. of Theoretical Chemistry and Biology, SE-106 91 Stockholm Sweden;

3 National University of Singapore, Dept. of Mechanical Engineering, 117575 Singapore;

* University of Trieste, Dept. of Chemical and Pharmaceutical Sciences, 34127 Trieste, Italy;

3 Institute for Methods and Instrumentation for Synchrotron Radiation Research, Helmholtz-Zentrum Berlin;

¢ University of Nova Gorica, Dept. of Physics, Vipavska Cesta 11c Ajdovscina 5270, Slovenia;

7CNR-IOM, S.S. 14 Km 163,5, Basovizza, 34149 Trieste, Italy;

8 Zernike Institute for Advanced Materials, University of Groningen, Nijenborgh 4, 9747 AG Groningen, Netherland

The electronic configuration of the ground state of Cobalt Phthalocyanine (CoPc) is the focus of an ongoing
debate. Controversial results provided by both experimentalists and theoreticians proposing a ground
state configuration as ?A1g [1], a mix of *A1g and *Eg [2] or *Eg [3]. Moreover, the character of the highest
occupied molecular orbital (HOMO) of CoPc molecules is also still under discussion, since it has been
suggested to be either metal 3d-like and localized on the central Co atom [4] or originated in the organic
ring of the molecule [5]. Our high-resolution PhotoElectron Spectroscopy (PES) and XAS measurements
of gas phase CoPc compared with single molecule theoretical simulations (Density Functional Theory as
well as Multiplet Ligand-Field Theory calculations) clearly show that the ground state configuration can
be correctly described by the *Alg electronic configuration. In addition, valence photoelectron results
of CoPc molecules in the gas phase have been compared to CoPc thin films deposited on an Au (111)
single crystal. By varying the excitation photon energy, the valence photoemission results definitely
enlightened that no Co 3d electrons contribute to the HOMO while Co 3d orbitals contribute mostly to
the so-called interface state confirming it to be formed between the central Co atom of CoPc molecule
and Au atom from Au(111) substrate.
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Simultaneously 2D spatially resolved activity and surface of a Pd(100) single
crystal during CO oxidation

CATH Catalytic 2D-model studies under high pressures

Jianfeng Zhou'', Sara Blomberg?, Johan Gustafson? Edvin Lundgren?, Johan Zetterberg'

" Division of Combustion Physics, Lund University, Lund, Sweden;
2 Division of Synchrotron Radiation Research, Lund University, Lund, Sweden

For a fundamental understanding of the mechanisms behind heterogeneous catalysis, a direct correlation
between the reaction activity and the surface structure of a catalyst is generally needed. Therefore, we
employed planar laser-induced fluorescence (PLIF) technique to spatially resolve the CO, distribution just
above a Pd(100) surface during CO oxidation, and simultaneously monitored the reflectance of the surface.
Both techniques provide high spatial (around 70 um) and temporal (10 Hz) resolution. The combination
of PLIF and surface reflectance makes it possible to follow dynamic change of both the gas phase and
the surface on a sub-second scale at the same time, which provides us a direct correlation between the
reaction activity and the surface structure of the sample on a macroscopic scale.

As reported in previous works [1, 2], thicker oxide forms on a Pd(100) surface under O, rich conditions,
which leads to a rougher surface and thus lower surface reflectivity. We found that when the reaction
is in the mass transfer limit (MTL) regime, a boundary layer is formed and significantly modifies the gas
composition above the surface [3]. Interestingly, the thick oxide is mainly localized at the center of the
sample just beneath the CO, cloud, as shown in Figure 1. It is clearly demonstrated that the formation of
the thick oxide is sensitive to the variance of the gas composition, i.e. O, to CO ratio. Oscillating behavior
of Pd(100) was recently revisited by Onderwaater et al. using surface X-ray diffraction technique [4]. We
have also studied the oscillation of Pd(100) by combining PLIF and surface reflectance, and obtained
new insights into the mechanisms. Most

of our new finding will be discussed in the o L.
presentation. . K 08 &

2 ; =
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Tailoring the topology of low-dimensional organic nanostructures with surface
templates

ORGS Organic molecules on solid surfaces

Qitang Fan', Junfa Zhu', J. Michael Gottfried?

" National Synchrotron Radiation Laboratory and Collaborative Innovation Center of Suzhou Nano Science
and Technology, University of Science and Technology of China, Hefei 230029, P.R. China;
2 Fachbereich Chemie, Philipps-Universitdt Marburg, Hans-Meerwein-Str., 35032 Marburg, Germany

The future of nanotechnology lies in the “bottom up” approach, which aims at building nanostructures at
an atomic or molecular level so as to minimize the sizes of chips and other nano-devices. However, one of
the long-term unresolved issues for “bottom up” nanotechnology is the precise control of the topologies of
fabricated nanostructures. In this contibution, we will report our recent studies with regard to the control of
the topologies of nanostructures formed via the on-surface Ullmann reaction or self-assembly of haloarenes,
as shown in Scheme 1. The topic includes three aspects: control of the shape of the organometallic chain
via lattice matching between the adsorbate nanostructure and the substrate;'? tailoring the chains by
employing super-gratings templates;* and steering the covalent ring-chain competition in the reaction of
precursors towards ring formation through adsorbate-substrate symmetry matching.®

This work was supported by the National Natural Science Foundation of China (21473178) and National
Key Basic Research Program of China (2013CB834605)
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Scheme 1. lllustrations for the topology regulations of on-surface nanostructures with different surface
templates. (a) Bent precursors form six-membered (top) and two-membered (bottom) chains on flat and
striped substrates, respectively. (b) Bent precursors form rings on six-fold symmetric substrate due to
symmetry matching. (c) Bent precursors form rings with tunable sizes determined by the widths of the
stripes on the striped substrate.
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Electronic states induced by cesium on atomically rough and flat GaAs(001)
surfaces

SEMI Semiconductor surfaces and ultrathin layers

A.G. Zhuravlev'? V. L. Alperovich '

" Novosibirsk State University, 630090 Novosibirsk, Russia;
2 Institute of Semiconductor Physics, 630090 Novosibirsk, Russia

The GaAs surface with adsorbed cesium is a model system for studying the mechanisms of metal-
semiconductor interface formation and a basis for preparing p-GaAs(Cs,0) photocathodes with the
state of negative effective electron affinity. On the GaAs(001) surfaces the evolution of the surface band
bending ¢ under deposition of cesium was studied by photoreflectance (PR) spectroscopy [1]1. This study
revealed qualitative differences in the electronic surface states induced by cesium on the As-rich and Ga-
rich surface reconstructions, and an unusual non-monotonic behavior («fine structure») in the evolution
of ¢ with the increase of Cs coverage [1]. To clarify the origin of these phenomena and their relation to the
morphology of the GaAs(001) surface, in the present work we studied the evolution of the band bending
under Cs deposition on the atomically rough and flat GaAs(001) surfaces with various reconstructions. The
experiments were performed on GaAs(001) epi-ready substrates and epitaxial layers. The morphology
of the surfaces was studied ex-situ by the atomic force microscopy. The technique for preparation of
atomically flat GaAs(001) surfaces by annealing in equilibrium conditions was developed. The comparison
of the band bending behavior under Cs deposition on the atomically flat and rough surfaces proved that
surface roughness produces defect-induced surface states which restrict the adatom-induced variations
of band bending.
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C,, adsorption on a two-dimensional oxide quasicrystal

ORGS Organic molecules on solid surfaces
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2 Max-Planck-Institut ftir Mikrostrukturphysik, Halle, Germany

The recent observation of a two-dimensional oxide quasicrystal (OQC) at the interface to Pt(111)
demonstrates that quasicrystalline structures can emerge in the heteroepitaxial growth of conventional
periodic materials [1]. Under reducing conditions, a long-range ordered dodecagonal wetting layer is
derived from ultrathin films of BaTiO, at the threefold Pt(111) substrate. Atomically-resolved scanning
tunneling microscopy (STM) images reveal the formation of a Niizeki-Gahler tiling as shown in Fig.
1a [2,3]. The contrast in the STM image is given by the sublattice of the Ti atoms. The atoms exhibit
an arrangement of squares, triangles, and 30° rhombs with a common edge length of 6.85 A. The
characteristical dodecagonal cluster is shown in Fig. 1b.

Due to the complexity of quasicrystalline materials, studies on the relation between aperiodic order and
physical properties are challenging. Therefore, quasicrystal surfaces have been tested as templates for
the growth of two-dimensional single element quasicrystals formed by molecular adsorbates. Recently,
C,, and Pentacene were reported to exhibit quasicrystalline networks on icosahedral Al-Cu-Fe and Ag-In-
Yb [4]. Here we report the first adsorption studies on the BaTiO,-derived OQC using C,  molecules. Their
van-der-Waals diameter of 10 A matches roughly the distance between two neighboring squares (9.35 A,
shown in Fig. 1b). Different coverages of C, have been deposited on the OQC at room temperature and
characterized by low-electron energy diffraction (LEED), x-ray photoemission spectroscopy (XPS), and
STM. C,, molecules form hexagonal islands at the OQC surface or absorb at step edges, which indicates a
weak interaction with the OQC substrate. With increasing coverages, second layer islands are formed well
before the monolayer is completed. At temperatures of 510 K C,, thermal desorption sets in.

a
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Interstital impurity induced magnetism on lead oxide surface
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Wilson Agerico Dino'
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We investigated the possibility of employing the polycrystalline aPbO as a spintronics device by first
principles calculations based on the density functional theory (DFT). In particular, we explored the effects
of 3D transition metal atom, Fe on the structural and electronic properties of the layered aPbO (001)
surface. Since it has been proven that ferromagnetic signals in experiments are often detected in thin
films[1] we used a 2x2, 3-layered surface slab model of aPbO with 20 A of vacuum space to simulate
this environment in this study. The impurity atoms are placed in between the surface and subsurface
of the crystal. The results show that the interstitial Fe interstitial forms shorter bonds with the oxygen
atoms located at the surface and second layers. Also, this impurity is found to induce magnetism in the
host crystal with magnetic moment value of 2.25 uB, which is highly localised on the transition metal.

In the bonding process, the Fe’s lower energy lying d states form overlaps with nearest neighbour
oxygen atoms with non-bonding d states situated near or at the Fermi level and are spin split. These spin
split orbitals induce spin polarisation of pimpurity states of oxygen atoms in the subsurface. Moreover,
the magnetic order is determined using the energy difference between the antiferromagnetic and
ferromagnetic states. The energy difference is 0.068 €V, suggesting that Fe interstitial impurities induce
ferromagnetism in aPbO [2]. In this workshop, the effects of charge carriers to the magnetic properties
will be briefly discussed. Finally, the position of the Fermi level in the density of states (DOS) suggests that
in the case of a-PbO with Fe interstitials where the minority non-bonding d states are partially filled, the
Zener's ferromagnetic double exchange mechanism may be dominant and stabilizing the ferromagnetic
state.
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Enantioselective reactions on chirally-modified model surfaces:
a new molecular beam/surface spectroscopy apparatus

Smadar Attia', Evan J. Spadafora?, Hans J. Freund ', Swetlana Schauermann?

" Department of Chemical Physics, Fritz Haber Institute of the Max Planck Society, Berlin, Germany;
2 Institute of Physical Chemistry, Christian Albrechts University of Kiel, Kiel, Germany

A molecular-level understanding of enantioselective processes on chiral surfaces is an important
prerequisite for the rational design of new enantiospecific catalysts. Therefore, in this study, the reaction
mechanisms, kinetics and dynamics of surface reactions were investigated using multi-molecular beam
techniques and in-situ surface spectroscopic and microscopic tools on well-defined model surfaces in
UHV.

Anew UHV apparatus consisting of twoindependent UHV systems for the preparation and characterization
of chirally modified model catalysts has been designed and built. This apparatus comprises three molecular
beams (two effusive and one supersonic molecular beam), infrared reflection absorption spectroscopy
(IRAS) as well as a number of standard tools for preparation and characterization of model surfaces, both
single crystals and nanostructured surfaces consisting of metal nanoparticles supported on thin oxide
films. Additionally, the sample can be transferred to an independent unit containing scanning tunneling
microscope (STM).

First experiments were carried out at the newly setup UHV apparatus to investigate adsorption and
reactivity behavior of a model chiral modifier (R)-(+)-1-(1-Naphthyl)ethylamine (NEA) and a prochiral
molecule acetophenone over Pt(111). These processes were investigated over a broad range of coverage
and temperature conditions. NEA was found to homogeneously distribute over Pt(111) surface at low
coverage and to build island-like structures in the high coverage regime. Currently, co-adsorption of NEA
with acetophenone is investigated with STM to follow the formation of NEA-acetophenone complexes
on this chirally modified surface.

Spectroscopically, acetophenone was observed to strongly interact with the pristine Pt(111) surface
resulting in strong changes of the IR spectra as compared to the unperturbed molecules in multilayers.
Further experiments are currently in progress.
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Atom probe tomography (APT) is a powerful technique for the characterization of composition of
materials and their three-dimensional structure down to the atomic-scale. With the new developments in
FIB-based sample preparation, there is a growing interest in the analysis of catalytic systems by APT. Our
current research focuses on the use of nanostructured materials for sustainable catalysis applications, and
more specifically, on metallic alloy catalyst materials that have dual functionality. The principal design
feature of the catalyst material is to combine a minor amount of active metal that facilitates creation of
reactive intermediates with a less active majority phase that transforms these intermediates to desirable
products with high selectivity.

Gold-based catalysts with different architectures are currently being developed, and recent studies
highlight the efficiency of nanoporous gold catalysts (npAu) for selective methanol oxidation at low
temperatures. Ozone is used to activate the catalysts before reaction. Residual Ag is used in Au-based
nanoporous catalysts to activate the oxygen dissociation. Due to the porous structure, the sample
preparation requires new developments to analyse such samples by APT: using a combination of in-situ
e-beam-directed chemical vapor deposition in the focused ion beam (FIB) and lift-out techniques, we
were able to successfully image nanoporous gold samples by atom probe tomography, and to analyse
the segregation of Ag atoms within the Au backbone.

In addition to this, we will present new progresses in the sample preparation and analysis of single atom
alloy (SAA) catalysts: copper-based catalysts are currently being developed for selective dehydrogenation
reactions. The typical concentration of Ni on supported Cu nanoparticles is 0.1 or 1%, and it might be
difficult to analyse the distribution and the clustering of Ni with regular microscopy techniques, and APT
seems to be particularly suited to determine the distribution of Ni within the nanoparticles. 15 nm CuNi_ .
nanoparticles were synthesized on graphite and then analyse by APT to reveal the presence of Cu, CuH
and Cu,0, species. To determine the presence of Ni and/or the presence of clustering in this sample,
further data treatment has been performed, as well as comparative STEM-EELS measurements.

As a conclusion, new sample preparation techniques developed in this work allow to perform APT study
of samples of increasing complexity.
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Scanning Electron Microscopes (SEMs) combined with Focused lon Beam (FIB) tools are today widely
used for accurate manipulation/cutting and in-depth analysis of nanostructures. They provide a wide
variety of physical parameters, however, they lack of obtaining quantitative electrical parameters of a
sample, like conductivity, capacitance, work function, dopant level or similar, neither they can measure
viscosity, adhesion forces or elastic modulus/hardness.

For obtaining such parameters on layers buried below the surface, a process resulting cross sectional
preparation of the sample has to be done. This has three strong disadvantages: (1) it is a destructive
method, (2) it is nearly impossible to target a certain area with high precision, and (3) it is very time
consuming. Such difficulties could be overcome by using scanning probe microscope (SPM) metrology,
however, integrating such precise probing system, like an atomic force microscope (AFM), to the vacuum
chamber of a SEM tool, is not straightforward due to the related technical challenges.

In the recent years, the Semilab/ZEISS AFM Option in a ZEISS Crossbeam workstation was introduced as a
unique solution on the market featuring a fully equipped AFM inside a crossbeam system [1]. Commonly,
in this system the focused ion beam can be used to reveal the sub surface structure of a sample and
enable electrical in-depth analysis by AFM [2,3].

In this study, we present an alternative, novel solution for accessing sub-surface layers: interactive
manipulation. In the paper, case studies will be presented as demonstration of the new technique,
using hard diamond tips for the modification of the surface silicon samples with electrical circuits,
while controlling the force applied to the sample by the AFM feedback loop. The electrical properties
of the modified sample surfaces were characterized by using the electron beam as current source, while
scanning with AFM at constant distance from the sample using an electrically conductive tip.

In summary, the AFM in the SEM enables possibilities to access information of buried layers which no other
system can provide. Moreover, depending on the type of AFM tip, either cutting or polishing behaviour
can be archieved. This in many cases can make the crosssection preparation or FIB cutting unnecessary
and results in uncontaminated exposition of surfaces.

E'—.."'Ej'.rt_ia.

Fig. 1 Diamond tip modification of the Si sample surface, using in-situ monitoring of the process with
SEM, and AFM images revealing the resulted structure topography during the process
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Fig. 2.: Diamond cantilever with relatively larger tip polishing the surface, and removing a few nm
of material with every scan. The conductive AFM images show the step by step increase of sample
conductance, thus, indicating the removal of the insulating surface layer
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It has been shown recently that nitrogen introduction into graphene (GR) and also simultaneous reduction
of graphene oxide (GO) can be performed in nitrogen glow discharge plasma [1,2]. The resulting modified
surface supposed to be further functionalized altering the properties of GO to make favourable for
different applications.

In this work we performed low pressure plasma treatment of thin layers of commercial GO samples in
two nitrogen containing gases, N, and NH.. Experiments were performed in the preparation chamber of
the X-ray photoelectron spectrometer, allowing ‘in situ’ characterization of the treated surface. Reduction
and introduction of nitrogen into the top surface of GO and GR was intensified by applying negative
voltage on the sample between 0-300 V served for accelerating the positive plasma ions towards the
sample.

Significant amount of nitrogen (=10 atomic %) was built into the top few atomic layers of the GO samples
at application of both types of plasma gases for a short 10-20 min reaction time.

At increasing the bias, the N-content increased in GR and GO, together with the decrease of the O
content in GO. The high resolution C1s, O1s and N1s spectra are broad, representing existence of different
chemical states (Fig. 1). The peak envelopes of the O1s and NTs lines could be decomposed essentially to
three, while the Cls spectrum to five different, well separated peaks, with energy values being identical
for all samples. The component peaks were assigned to specific chemical bonding states. The relative
amounts of C-O and C-N bonding
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Among various semiconductors, titanium dioxide (TiO,) as photocatalyst was studied excessively due
to its advantages such as chemical and biological stability and of higher oxidative potentials. It is also
widely proposed to solar cells and different photo-catalytic applications. Specific properties of titanias to
meet complex requirements are often achieved by doping with different elements. N doping is one of
the most popular way to decrease bang-gap energy of the TiO,. Recent development of titanium dioxide
moved to a novel class of TiO -based one-dimensional layered titanate nanomaterials [1].

In this work Na-titanate nanotubes and nanowires were synthetized and their nitrogen doping was
attempted using thermal and low pressure plasma activation. First the Na ions were replaced by
hydrogen and layered nanotubes (100-120 nm length with 5-6 nm inner and 11-12 nm outer diameters),
and nanowires (2-5 um length with ca. 200 nm diameter) were obtained for these studies.

Thermal modification was performed at 300-500 K in order to preserve the as prepared preferable nano-
structure. N-content in the range of around 10 at% could be achieved when NH, or NH,F were used as
precursors. In these cases O-Ti-N clusters (N1s at 399.5 eV) and NH groups were formed.

It has been shown recently that N,* bombardment of TiO, leads to incorporation of significant amount of
N at room temperature avoiding use of any additional chemistry [2]. Based on these findings low pressure
N, and NH, plasma treatment was explored for doping the surface of these nanotitanates by nitrogen.
Implantation of the positive plasma ions was enhanced by 300 V negative bias applied to the sample
layers deposited on conductive foil substrates. It turned out that while only 5-8 at% N is incorporated
from N, plasma, significant oxygen removal and about18 at% N-content can be achieved at NH, plasma
treatment. Four different chemical states of N (mostly at N-Ti-N position, N1s at 396.3 eV) and also the
reduced states of Ti are detected by XPS (Fig 1).

These latter findings were compared with the results obtained using thermally activated nitriding and
interpreted involving, among others, the atomic specificity of these titanate nanophases.
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The ability to fabricate nanoscale domains of uniform size in two-dimensional (2D) materials would
enable new applications in nanoelectronics and the development of innovative metamaterials. However,
achieving even minimal control of growth of 2D lateral heterostructures at such extreme dimensions has
proven exceptionally challenging. Particularly intriguing is the evolution and arrangement of nanoscale
domains within a two-dimensional layer made of boron, carbon and nitrogen (BCN). Previous work
performed on ruthenium reported the evolution of graphene submonolayers subjected to progressive
exposure to borazine vapors [1].

Here we show the spontaneous formation of ordered graphene nanodot arrays epitaxially embedded
in a 2D boron-carbon-nitrogen (BCN) alloy [2]. A full set of complementary in-situ microscopy and
spectroscopy techniques (including scanning tunnelling microscopy, X-ray photoemission spectroscopy
and low-energy electron microscopy and diffraction) is used in this study.

The nanodots exhibit a strikingly uniform size of 1.6nm + 0.2nm and strong ordering, and the periodicity
of the array can be tuned by adjusting the growth conditions (Figure 1). We use a model incorporating dot-
boundary energy, a moiré-modulated
substrate interaction, and long-range
repulsion between dots to explain our
findings.

This new 2D material, an ordered
composite of uniform-size graphene
nanodots laterally integrated within a
continuous matrix, might hold promise
for novel electronic and optoelectronic
properties, with a variety of potential
device applications.

5 nim

Figure: STM images of an Ir(111)
surface after co-deposition of borazine and ethylene at various C fractions: (a, b) low, (c, d) medium and
(e, f) high C fraction.
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In this paper, we have calculated the electronic states and the intersubband transition energy in ZnO/
Mg, Zn, O quantum well structures (QW), with 20% of Magnesium in both the parabolic and the non-
parabolic cases. Our calculations are performed in the context of the approximation of the envelope
function formalism and using the finite difference method.

The results show that the intersubband transition energy increases rapidly with well width until L =5nm
and becomes almost constant (specially transitions E . et E,.). The non-parabolicity effect is neglect.
Wavelength |, decreases with well width until L =5nm and becomes constant. The non-parabolicity
effect is more pronounced for small QW (L, £ 5nm) and less marked in narrow and large QW.

Also, we are studied the coefficient of transmission for 4(nm)/2(nm)/4(nm) geometry. We notice that when
the height of barrier increases the coefficient of transmission decreases. It will be necessary to provide
more energy to the electron so that it can cross the barrier. We also notice the variations related to a
phenomenon of reflexion quantum.
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Cerium dioxide is one of the most attractive oxides used in catalytic applications today. Its high reducibility
(the ability of forming, filling and transporting oxygen vacancies) makes this material appealing for
applications like fuel cells and biomedicine. A correct description of the structural and chemical
modifications of cerium oxide confined into nanoparticles (NP) is very important in view of understanding
the functionality of the material for its applications. In order to optimize the system, we investigated the
reduction induced by thermal treatment in high vacuum of NP with diameter from 9 nm until 4 nm using
a surface spectroscopy as XPS (x-ray photoelectron spectroscopy) and bulk spectroscopies as XANES
(X-ray Absorption Near Edge Spectroscopy) and EXAFS (Extended X-ray Absorption Fine Spectroscopy) at
the European Synchrotron Radiation Facility. The relatively low degree of reduction detected by XANES
measurements on the cerium oxide NP before the reducing thermal treatment indicates that the bulk
of the NP is well oxidized, although the Ce** species represent a non-negligible minority component.
The comparison with the systematically higher values of Ce** concentration detected by XPS, which is a
surface sensitive technique, indicates that the Ce** species are mainly localized near the surface. Thermal
treatment in high vacuum has previously shown to induce a reduction detected by x-ray photoemission
spectroscopy[1]. However, a mild reduction is observed by XAS which is sensitive to the whole NP volume.
This suggests that the reduction process involves mainly the NP surface, while the bulk maintains the
CeO, stoichiometry. EXAFS spectra, instead, show a systematic compression of the Ce-O interatomic
distance with decreasing NP size that we relate to a reduced dimensionality effect.
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Fig. 1. STEM image of NP with 4nm diameter. The NP show a good monodispersion and a single crystalline

structure.
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Fig.2.STEM image of NP with 4nm diameter. The NP show a good monodispersion and a single crystalline

structure.
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lon bombardment is a widely used method for surface modification in microelectronic technologies and
in studies of crystals and thin films. In this work we present results of the effect of Ar* ion bombardment
on the state of PbTe crystal surfaces depending on their growth conditions. Two types of crystal surfaces
were studied: the surface of a crystal grown from vapor phase (free growing of the crystal) and a surface
grown from a melt by the Bridgman method (growing of the crystal under mechanical impact caused
by the quartz container). Different types of crystal surfaces were treated by Ar* plasma: natural faceted
surfaces corresponding to the crystallographic planes of high symmetry, natural lateral surfaces of crystal
ingots, and surfaces which were mechanically processed during the cutting of the crystals. Sputtering
experiments were carried out at the conditions of Secondary Neutral Mass Spectrometry. The surface
morphology of samples after ion bombardment was analyzed by a Scanning Electron Microscopy.

We found that the growth environment of the PbTe crystal surfaces takes a very strong effect on the character
of their modification under impact of Ar* ion bombardment. The Figure shows the main results of our
experiment which was performed by Ar* ions with energy of 350 eV during 50 minutes of sputtering. Figure
(a) corresponds to the natural (100) surface of the vapor phase crystal, Figure (b) and Figure (c) correspond to
the lateral surfaces of the crystals grown from vapor phase and melt, respectively. Figure (d) corresponds to
the surface processed mechanically. As it can be seen, the free natural facet surface was uniformly sputtered
by Ar* ion beam. The main surface modification was the emergence of single dislocation etch pit, the form
of which was determined by crystallographic orientation of the surface. The lateral surface of the crystal
grown from the vapor phase was also modified in similar way by sputtering (Figure (b)). The density of
dislocation etch pits on the lateral surface was only much larger, and dislocation chains were dominated
there. Occasionally one can observe small formations as islands of re-deposited phase in the dislocation
etch pits. Sputtering process of the lateral surface of PbTe crystal grown from melt formed dimple reliefs
on the surface (Figure (c)). Another pronounced effect
was the appearance of an array of small microscopic
structures on the surface as a result of re-deposition
of sputtered Pb and Te atoms. It was observed that at
a constant sputtering energy the average size of re-
deposited microscopic surface structures decreased with
the decrease of duration time, but their surface density
increased. The same modifications were observed when
the mechanically processed surface was bombarded
(Figure (d)): while dimple reliefs were more developed, .
the density and average size of re-deposited structures | '
became larger. ' 3
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Scattering-type scanning nearfield optical microscopy (s-SNOM) is an effective device for optical imaging
of nano-objects below the Abbe limit. The method is especially useful for detecting collective excitations
in low-dimensional nanostructures due to surface enhanced scattering. In this study we examine the
phonon-polariton excitations of a single, multi-walled boron nitride nanotube. The tubes were deposited
on a silicon substrate under surface resonant conditions. Samples were investigated before and after a
cleaning and opening procedure. We find that the characteristic phonon-polariton mode at 1380 cm™ is
present in both the cleaned and the uncleaned nanotubes. However, in the cleaned sample additional
peaks appear at different wavenumbers, heavily localized along the nanotube. These peaks suggest that
the cleaning procedure introduces defects in the structure of the nanotube, that can be detected by the
localized phonon-polariton modes around the defect sites.
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Tungsten is a particular metal. Among other, it does not form any hydride in the presence of hydrogen
at moderate conditions; hence it constitutes a unique model for the study of bond-free metal-hydrogen
interactions. In this work, we present an investigation of hydrogen absorption processes at the surface of
tungsten. In particular, the aim is to track, using hydrogen isotopes detection methods, the mechanism
governing the absorption of hydrogen in the presence of an oxide layer at the tungsten surface. Figure 1
shows the structural characterization of the W powders used in this study. The obtained powders by ball-
milling were deoxidized and hydrogenated using the experimental set-up described elsewhere [1]. XPS
analysis shows a well identified layer of WO _(2<x<3), thickness of which is evolving upon the annealing
process. The mechanism of interaction between O, and H-enriched W particlesis presented and discussed
according to the specific surface area of the W particles and ambient gas conditions. Questions related to
surface limited processes are also addressed at the light of possible application in fuel cell devices.
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Fig. 1. Structural characterization of the W powders used m this
study: (a) SEM image of the commercial powder, (b) TEM
image of the milled powder and (¢) XBRD patterns of the as

milled and annealed (750 K/ Hy atm ) W powders.

References:

[1] A.El kharbachi, J. Chéne, S. Garcia-Argote, L. Marchetti, F. Martin, F. Miserque, D. Vrel, M. Redolfi, V.
Malard, C. Grisolia, B. Rousseau, Int. J. Hydrogen Energy 39 (2014) 10525-10536.

281



/L& €C0SS 33 POSTER PRESENTATIONS

27 AUG - 1 SEP 2017
SZEGED, HUNGARY

Thu-PS2-10
Stochastic kinetic mean-field model - a new atomic scale simulation method
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We introduce a new model for evaluating the change in time of three-dimensional atomic configurations.
The method is based on the kinetic mean field (KMF) approach [1], nevertheless we have transformed
that model into a stochastic approach by introducing dynamic Langevin noise. The result is a stochastic
kinetic mean field model (SKMF) which has very similar applicability and outcomes to lattice kinetic
Monte Carlo (KMC). SKMF is, however, more cost-effective, the algorithm is easier to implement and its
results are simpler to interpret. [2] The group made the software and the source code (together with
tutorials) freely available to the scientific community at the http://skmf.eu webpage. [3] By modifying
the program and using surface energies instead of periodic boundary condition, we are able to simulate
samples having different shapes and sizes (e.g. nanospheres).
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Tetrapyrrole macrocycles such as porphyrins, phthalocyanines, naphthalocyanines, and corroles have
gained high technological relevance [1]. Due to their versatile electronic and structural features, these
macrocycles and their metal complexes are used as organic semiconductors in optoelectronic devices,
including organic light-emitting diodes or organic photovoltaic cells [2]. The planar metal complexes also
exhibit useful catalytic properties and can be used for surface functionalization. Here, we investigated
structure and reactivity of various metal/tetrapyrrole interfaces and addressed the following topics:

(@) Metalation and oxidation state tuning of tetrapyrroles on single crystalline surfaces: Porphyrin and
phthalocyanine monolayers react with coadsorbed metal atoms to form metal(ll) complexes [1], while
corroles can oxidize metal atoms to the +Ill oxidation state. This can be employed to control the electronic
properties and reactivity of tetrapyrrole-functionalized surfaces.

(b) On-surface synthesis of tetrapyrroles: Adsorbed ortho-dicarbonitriles form naphthalocyanines by
cyclotetramerization in the presence of iron. This reaction is useful to create tetrapyrroles directly on a
surface by covalent linking of smaller subunits, especially when the target molecule is too large or fragile
for vapor deposition.

(c) Structure: The molecular arrangement of tetrapyrroles in the monolayer is controlled by a complex
interplay of molecule-substrate and molecule-molecule interactions.

(d) Buried interfaces: Tetrapyrroles represent useful model compounds for studying reactive buried metal/
organic interfaces, which occur in organic electronic devices [3]. Insights into these complex surface and
interface systems were obtained by various spectroscopic and microscopic techniques.
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The use of binary alloys in well-functioning catalysts, in particular in applied industrial catalysis, is not a
new concept. During the last decades, however, multi-metallic model systems have also attracted more
and more the interest of surface scientists, seeking to understand the reasons for activity, selectivity and
stability of certain catalyst systems on an atomic level [1,2,3]. In this study, we investigated liquid model
catalysts consisting of bimetallic Pt-Ga and Pd-Ga alloys, among them a silica supported Pd-Ga system, in
ultra-high vacuum using angle-resolved X-ray photoemission spectroscopy (ARXPS), and under reactive
environments using near-ambient pressure XPS (NAP-XPS). It was shown that supported alloy catalysts
outperform commercial catalysts in dehydrogenation of light alkanes [4].

For the liquid phase of Pd-Ga alloys, an inhomogeneous Pd distribution along the surface normal was
derived by quantitative evaluation of ARXPS data collected in 0 and 80° emission at temperatures between
450 and 750 K. From these data, in combination with molecular dynamics simulations, we deduce a Pd
depletion of the interface, which goes along with a Pd enrichment in the surface-near region below the
interface. We also followed the oxidation of liquid Ga and the alloys in up to 1T mbar of oxygen in situ at
different temperatures between room temperature and 550 K. Upon oxidation, a Pd-lean Ga,O, film forms
that covers the liquid-vacuum interface. This results in a redistribution of Pd towards the sample bulk. The
redistribution of Pd is shown to be independent of pressure. Contrary, for the Pt-Ga system, enrichment of
Pt within the Ga,O, film by incorporation of Pt atoms or clusters is observed. The demonstrated behavior
is independent of pressure or sample temperature, although, as is expected, the growth of Ga,O, films
shows strong temperature and pressure dependences.

XPS and online mass spectrometry studies on the reactivity of supported PdGa alloys will be discussed.
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Au-Pd nanoparticles and Au/Rh double layers on TiO,(110)
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Atomically dispersed bimetallic surface alloys are excellent nanocomposite materials for fine-tuning of
the active centers in the homogeneous, heterogeneous, photo- and electro-catalysts. By systematic
studies performed on 2D model systems, it is possible to study the structural and enhanced catalytic
properties of alloyed, bimetallic systems. The formation and thermal evolution of nanoparticles on
reducible oxide surfaces is a rather complex diffusion process due the so-called decoration phenomenon
where a reduced form of the oxide support covers metal nanoparticles. By applying STM, AES and LEED
methods, in this work the thermally induced material transport processes are investigated and compared
for two significantly different systems, namely for the bulk miscible Au-Pd and for the bulk-immiscible
Au-Rh double films supported on rutile TiO,(110).

In the case of monometallic Pd or Rh nanofilms (nanoparticles) the upward diffusion of Ti and O from
TiO,(110) is completed at around 850 K, which results in the formation of a uniform TiO_atomically thin
oxide layer on top of the metal layers, due to the strong metal support interaction (SMSI) [1, 2].
Regarding the Au-Pd system, a continuous 5 ML thick palladium film was prepared on TiO,(110) using
PVD at room temperature and it was further covered with 1 ML gold. According to the AES and STM
measurements the bimetallic film de-wets around 850 K to form nanoparticles. In this temperature range
the results suggest that there is penetration of gold into the subsurface regions of Pd, creating an Au-Pd
core, Pd shell structure, due to the favorable miscibility of Au with Pd. Moreover, the nanoparticles are
encapsulated with a TiO_ layer. However, by increasing the relative gold content (3 ML Pd/2 ML Au), a
similar thermal treatment results in the formation of Au-Pd bimetallic nanoparticles with gold enrichment
on top, which blocks the decoration process. These observations support the conclusions described
previously in [3] and provide complementary information.

Regarding the Au-Rh system, a different behavior was observed. By preparing a 3 ML gold layer on a
continuous rhodium film (30 ML) deposited on TiO,(110) surface at room temperature, the thermal
treatment induced only a strongly hindered TiO, encapsulation due to the blocked oxygen diffusion
up to 850 K, although it was possible to detect 3D TiO_nanoclusters at higher temperatures (950 K).
According to our LEIS, XPS and STM measurements, it was found that the gold layer (partially alloyed
with Ti) is able to cover completely the Rh surface and to hinder its encapsulation by a 2D TiO, nanofilm.
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Hydrogenation of CO, on Pt nanoparticles supported on NiO

Gyula Halasi'? A. Sapi', D. Dobé', K. Baan', J. Kiss ', Z. Kénya '

"University of Szeged, Department of Applied and Environmental Chemistry — Szeged (Hungary);

2 MTA - SZTE Reaction Kinetics and Surface Chemistry Research Group of the Hungarian Academy of Sciences
at the University of Szeged — Szeged (Hungary)

The activation of CO, and its conversion into more valuable compounds is a great challenge for
heterogeneous catalysis'. Previous work found that earlier belief CO, does not dissociate on supported
Rh at 300 K, but addition of H, to CO, induces its dissociation even at room temperature and leads
to the formation of formate species. This result was confirmed on Rh(111) in UHV by several electron
spectroscopic measurements?. It was an important finding that the catalytic performance of the Pt metals
in the hydrogenation of CO, is strongly affected by the nature of the supports. It appears that the interest
in the carrier effect became more intensive nowadays thanks to the modern surface science methods.
In this study measurements were performed by a Specs Near Ambient Pressure (NAP) X-ray Photoelectron
Spectroscope. The reaction was also followed by an in situ DRIFTS method. We have synthesized
mesoporous-NiO with nanocrystalline structure by solvothermal hard-templating method, and have
supported size-controlled Pt NPs on the NiO via capillary inclusion.
Our main purpose was to follow the effects of carbon dioxide hydrogenation on the surface of the
mesoporous NiO-Pt interface. We are testing controlled size (~4,8 nm) Pt nanoparticles anchored on 3D
mesoporous NiO supports in CO, reduction reactions. NAP-XPS demonstrated a strong correlation between
the oxidation state and of the oxide support and the catalytic activity at the oxide-metal interface’.
We seek to look at the electronic structure of the Pt/NiO nanocatalyst under redox atmospheres (O, and
H,) and under the CO,/H, reaction conditions using NAP-XPS to understand the catalytic processes under
reaction conditions:
—What is the electronic structure of the 3D mesoporous NiO, and Pt/NiO_under different gases and
pressures?
We had also performed in situ drift IR experiments and on the Pt samples occurred the formation of
formate species. A significantly new absorption feature is detected at 5% Pt content. From 423 K a strong
signal was detected at 1770 cm™, was contain C=0 double bond, what can be assigned to formaldehyde
(vCO). It is important that the formate was formed on NiO and the hydrogen was dissociated on Pt
nanoparticles. We may assume that hydrogen atoms migrate to the metal-support interface and react
with formate there. As adsorbed formyl was not detectable at low Pt content, we suppose that large
amount of atomic hydrogen is necessary for this reaction.
The choice of the catalytic reaction is commensurate with the chemical nature of the NiO (i.e. a reducible
metal oxide), and is anticipated to provide a knowledge to improved understanding of the ‘support
effect’ in heterogeneous catalysis.
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We deposited NiO via atomic layer deposition (ALD) on mesoporous SiO, particles with diameters of
several hundred micrometers and a mean mesopore size of ~14 nm. NiO was deposited within the shell
region of mesoporous SiO, particles with a shell thickness of ~11 mm. We annealed the as-prepared
NiO/SiO, at 450 and 600 °C, respectively. These two samples were used as catalysts for the uptake of
toluene molecules and their oxidative conversion to CO,. In contrast to bare SiO,, which showed almost
no uptake of toluene vapor above 100 °C, NiO/SiO, showed significant uptake of toluene (even at 160
°C). The sample annealed at 450 °C was generally more reactive in toluene uptake and its subsequent
conversion to CO,. When the NiO/SiO, annealed at 450 °C was exposed to toluene vapor at 160 °C and
then heated to 450 °C, CO, has emitted with almost no toluene desorption. We suggest that our catalysts
can be used as building blocks for odor removal devices that operate below 200 °C. These catalysts can
be regularly regenerated at ~450 °C.

[Capture of toluene at lower temperature (<200 °C)]

- Total oxidation and CO,+H,O emission at higher temperature (450 °C)

@QOC

CO, + H,0
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lonic liquids (ILs) are salts that are liquid at, or around, room temperature; and are composed of ions
that are held together by a strong Coulomb potential. ILs have very low vapour pressures, allowing
them to be studied using ultra-high vacuum techniques. They are currently being investigated for
a vast range of applications, including lubricants, corrosion protection, as an electrolyte in batteries
and photovoltaic devices, and CO, capture and storage [1]. ILs also have potential applications in
catalysis, and are an integral part of a homogeneous catalysis system known as Supported lonic
Liquid Phase (SILP) catalysis. This method requires only a very thin film of IL (with the desired
homogeneous catalyst dissolved in the film) on the surface of a high-area, porous support material [2].
The ordering and structure of ILs is determined by the structure of the constituent ions, and for
imidazolium-based ILs it has been seen that the cations arrange to form a layer of alkyl chains facing out
towards the vacuum, creating a charged underlayer that contains the anion and imidazolium ring of the
cation [3]. It is this ordering at the surface that is believed to govern the gas adsorption and uptake by
ILs. Water is often present as a contaminant in ILs, and has shown to affect their physical properties [4].
In this work, the interaction of water with the IL 1-butyl-3-methylimidazolium tetrafluoroborate ([C4C1Im]
[BF4]) has been studied using near-ambient pressure X-ray photoelectron spectroscopy (NAPXPS). An
ultrathin film of IL was deposited on rutile TiO2 (110) at room temperature and exposed to water at
7 mbar at 283 K, corresponding to a relative humidity of ~70%. The ultrathin film was estimated to have a
thickness of (10.8+0.9)A, consisting of approximately three IL layers. Results indicate that water is trapped
on the IL film, triggering a reordering of the ions at the surface. As water is pumped out of the near-
ambient pressure cell, the IL begins to revert to its original surface structure.
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The physics of clusters has attracted significant interests because they not only bridge the gap between
atoms and solids, but also have specific physical properties. We have previously reported electron energy
loss spectra of Ar clusters as a function of both incident electron energy and cluster size [1, 2]. These
results clearly showed that the appearance cluster size of the bulk excitation peak was dependent on the
incident electron energy. This characteristic feature was qualitatively explained by a simple model that
takes into account the mean free path of the incident electrons in Ar clusters. We have also shown that
the surface-excitation process can be effectively observed with an appropriate choice of cluster size and
incident electron energy because of the relatively small mean free path of electrons. Here we report the
results of the observation of a shell structure found in a mixed Ar/Kr cluster studied by electron energy
loss spectroscopy.

Details of the experimental apparatus and procedure have been described elsewhere [1, 2]. Briefly, a
mixed Ar/Kr cluster beam is generated by adiabatic coexpansion of the mixed argon and krypton gas
through a conical nozzle attached to a pulse valve. The average cluster size is controlled by changing the
stagnation pressure and the nozzle temperature, and is estimated using the ™ formula [3].

Figure shows the electron energy loss spectra of mixed Ar/Kr clusters. Primary mixtures with Kr in Ar
ranging from 1 % to 50 % are used to produce the mixed clusters. The spectrum of Ar/Kr mixed gas is also
shown as a reference. The spectra are normalized to the maximum intensity of each spectrum. Incident
electron energy and the observation angle are 100 eV and 0 deg., and the stagnation pressure and the
nozzle temperature are 0.2 MPa and 180 K, respectively. Although it is not possible to estimate the size
of the Ar/Kr mixed cluster, the mean size for pure Ar and Kr clusters produced under these conditions are
estimated to be 400 and 2000 atoms/cluster, respectively.

It is clearly shown that the intensity of Kr peak increases as the percentage of Kr increases. In the Kr
14% spectrum the relative intensity of the Kr peaks are much smaller than those in the Kr/Ar mixed gas
spectrum (Kr 14 %). It suggests that the cluster has a core-shell structure (Kr core; Ar shell) due to the
difference of the cohesive energy between Kr (E_, = 0.17 eV/atom) and Ar (E_, = 0.08 eV/atom). Such core-
shell structure has already been found in Ar/Ne mixed cluster studied by photoelectron spectroscopy
[4]. In Kr 50 % spectrum the Ar signal almost completely disappeared suggesting that all of Ar atoms are
evaporated from the cluster surface by Kr condensation.

The results of the detailed analysis will be presented at the conference.
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Figure: Electron energy loss spectra of Ar/Kr mixed clusters for Kr mixtures from 1% to 50 %.

% SZEGED, HUNGARY
References:

[11 H.Kubotera, T. Sekitsuka, S. Sakai, T. Tachibana and T. Hirayama, Appl. Surf. Sci. 256, (2009) 1046-9.
[2] H.Kubotera, T. Sekitsuka, S. Jinno, T. Tachibana and T. Hirayama, J. Phys. Conf. Ser. 288, (2011) 012012.
[3] O.F. Hagenaand W. Obert, J. Chem. Phys. 56, (1972) 1793.

[4] M. Lundwall et al., J. Chem. Phys. 126, (2007) 214706.

290



27 AUG - 1 SEP 2017
SZEGED, HUNGARY

A& €CO0SS 33 POSTER PRESENTATIONS

Thu-PS2-07
Reforming of ethanol on Rh(111) surface and supported Rh nanoclusters

Yu-Yao Hsia', A. A. Ansari ', Yu-Ling Lai? Yao-Jane Hsu?, Meng-Fan Luo'

" Department of Physics, National Central University, Taoyuan, Taiwan;
2 National Synchrotron Radiation Research Center, Hsinchu, Taiwan

Ethanol is readily extracted from biomass so becomes an attractive source to produce hydrogen. The
steam reforming of ethanol catalyzed by metal catalysts, such as Pt, Pd, and Rh, yields high production
of hydrogen but the process easily has CO poisoning and coke formation. The drawback can be solved
with the oxidative steam reforming of ethanol controlled by the ethanol/water/oxygen molecular
ratio, whereas its detailed kinetics remains unclear. To shed light on the reaction, we investigated the
decomposition of ethanol co-adsorbed with atomic hydrogen and hydroxyl on Rh(111) single crystal
and graphene-supported Rh nanoclusters, with synchrotron-based photoemission spectroscopy,
infrared reflection absorption spectroscopy and temperature programmed desorption. The co-adsorbed
atomic oxygen was shown to promote the formation of carbon dioxide and removal of atomic carbon;
nevertheless, with increased atomic oxygen, the quantity of produced hydrogen decreased. Adsorbed
water molecules were dissociated into hydroxyl groups when they were co-adsorbed with atomic oxygen
less than 0.1 ML. The co-adsorbed hydroxyl increased methane but decreased ethylene produced in
the reaction. The presentation also discuss the differences of the reaction on Rh(111) single crystal and
graphene-supported Rh nanoclusters.
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Itis becoming accepted that ultrathin dielectric layers on metals are not merely passive decoupling layers,
but can actively influence orbital energy level alignment and charge transfer at interfaces. As such, they
can be important in applications ranging from catalysis to organic electronics. However, the details at the
molecular level are still under debate. Here, we present a comprehensive analysis of the phenomenon
of charge transfer promoted by a dielectric interlayer with a comparative study of pentacene adsorbed
on Ag(001) with and without an ultrathin MgO interlayer'. Using scanning tunneling microscopy and
photoemission tomography supported by density functional theory we are able to unambiguously
identify the orbitals involved and quantify the degree of charge transfer in both cases. Fractional charge
transfer occurs for pentacene adsorbed on Ag(001), while the presence of the ultrathin MgO interlayer
promotes integer charge transfer with the LUMO transforming into a singly occupied (SOMO) and singly
unoccupied (SUMO) state separated by a large gap around the Fermi energy.

SOMO SUMO
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Evaluation of electronic structure of the single molecule junction based on current
voltage characteristics and thermopower
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The electronic structure of molecular junctions has significantimpacts on their transport properties which
have been expected to apply molecular devices such as switching, and transistor devices [1]. Despite the
decisive role of the electronic structure, a complete characterization of the electronic structure remains
a challenge. This is because there is no straightforward methods of measuring electron structure for an
individual molecule trapped in a nanoscale gap between two metal electrodes. Herein, a comprehensive
approach to obtain a detailed description of the electronic structure in single molecule junctions based
on the analysis of current-voltage (I-V) and thermoelectric characteristics is described. It is shown that the
electronic structure of the prototypical C_; single-molecule junction trapped between Au electrodes (Au-
C,,-Au) can be resolved by analyzing complementary results of the I-V and thermoelectric measurement.
Figurel, 2 show histograms of the |-V characteristics and the thermoelectric power of the Au- C_-Au
single molecule junctions. The conductance and |-V analysis revealed that the Au-C_-Au single-molecule
junction was highly conductive with electronic conductance of 0.033 and 0.003 G,. The thermoelectric
measurement indicated that Seebeck coefficient is —12 mV/K (at 300 K). By analyzing the complementary
results of the |-V and thermoelectric measurement, the charge transport was found to be mediated by a
LUMO whose energy level was located 0.5 and 0.6 eV above the Fermi level of the Au electrode [2].
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Figurel. Histograms of |-V curves of the Au-C60-Au Figure2. Histograms of thermopower of
single molecule junctions. The histograms are the Au-C60-Au single molecule junctions.

constructed from measurements on 2,664 junctions.
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Bimetallic alloys are increasingly used in heterogeneous catalysis. This can be explained by that fact that
new features emerge from the combination of two metals that are absent in the isolated parent metals.
Synergic effects between the two combined elements creates a more efficient catalyst. One of the most
interesting aspect of multicomponent materials in catalysis, is the fact that one could possibly control the
catalytic properties of an alloy by controlling the nature and composition of the surface. The gold/silver
alloy is an interesting example' since it combines a high activity and a large selectivity for a broad range of
oxidation reaction. Examples have been reported from CO oxidation at low temperature to more complex
oxygen-activated coupling reaction. The silver is crucial to provide the necessary oxygen dissociation without
leading to a total oxidation. Thus, the gold/silver alloy is an interesting candidate for the selective oxidation
of methanol to formaldehyde?.

The study of the enrichment phenomenon is conducted by atom probe tomography (APT). This method
allows us to establish the chemical composition profile of the alloy with a nanometric lateral resolution and
an atomic depth resolution. The atom probe tomography setup is equipped with an in-situ reaction chamber
allowing physicochemical treatments with temperature up to 800-900K and pressures up to 1bar. This overall
approach allows us to treat our gold/silver (95/5 at.%) samples in condition close to the operating condition
of the real catalyst and analyse the evolution of the composition on the surface and the bulk. In this way we
aim to establish the physicochemical conditions that could be used to design the surface composition at will.
Severalthermal and chemical treatments were applied on Au-Ag samples to analyse the segregation behaviour.
Our present research focusses on segregation triggered by high temperatures under UHV conditions, as
well as segregation triggered by an oxidizing atmosphere, which in our case is N,O. Results show that silver
enrichment occurs in the presence of the oxygen rich gas and takes place at lower temperature than with
annealing under UHV conditions. These results are in accordance with recent literature®*. Our results also
show different segregation behaviors in the case of annealing or chemically triggered segregation. Indeed,
the composition profile of N,O-treated sample clearly shows - below the segregated silver layer - a layer
which is Ag-depleted, before showing the expected bulk composition. In the case of annealed-samples, the
Ag-depleted region is absent. This indicates that N_O-segregated silver atoms are chemically pumped out
from the bulk, just underneath the surface, while annealed-segregated silver atoms probably migrate at the
surface from the shank of the tip to the apex part.
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We have investigated the growth and coalescence of three-dimensional copper islands grown on the
Ag(111) surface by surface x-ray diffraction (SXRD), scanning tunneling microscopy (STM), Auger electron
spectroscopy (AES), and low energy electron diffraction (LEED). Deposition at room temperature of (sub)
monolayer coverages of copper results in the formation of islands, with a thickness of a few monolayers
[1]. These islands cover the Ag surface terraces and decorate the atomic steps. Concomitantly, the
development of vacancy islands in the first layer of Ag(111) surface is also observed. The copper islands
exhibit a Moiré pattern [2,3], which allows to accommodate a large lattice mismatch (12%) between silver
and copper. Surface annealing at temperatures above 470 K leads to copper dewetting signalized by
a strong decrease of the copper AES signal and the appearance of a copper Bragg peak in (00) crystal
truncation rods recorded with SXRD. STM observations revealed a dramatic decrease of the clusters
density upon annealing correlated to the formation of high Cu crystallites, as a result of surface dewetting
(see Fig. 1).

17 nm

Figure 1: STM images illustrating the dewetting process in the case of a 0.4 ML of Cuon Ag(111)
after deposition at room temperature (a) and after annealing at 570 K (b).
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Zinc oxide thin films were spin coated onto glass substrates by a sol gel process. The effect of aging times
of the precursor solution on the structural, optical and electrical properties was investigated. Zinc acetate
dehydrate, absolute ethanol and monoethanolamine (MEA) were used as a precursor source, solvent and
stabilizer respectively. The increase of the aging time of the precursor solution showed the formation of
films with three crystalline orientations (100), (002) and (101) corresponding to a wurtzite phase of zinc
oxide, and indicating a good crystallization of our films. It was also found that the increase of aging time
led to an increase in surface roughness, in addition of that it can also increase the films thickness. From
the optical properties results, we revealed a reduction in the optical transmittance of the films while
aging the deposition solution, and the optical band gap increases from 3,175 to 3,224 eV. Concerning the
electrical properties, the minimum of ZnO films resistivity was obtained as 8,104 x 102Q.cm for the aging
time 48 hours, with 3,419 x 10® cm? in free charge carriers density.
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Figure 1. The XRD pattern of ZnO thin films at Figure 2. Variation of transmission and absorption
different aging time of the deposition solution. coefficient versus the wavelength for ZnO thin

films deposited at different aging time of the
deposition solution.
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Porous nanoparticles are very popular because of their high surface/volume ratio, moreover they have
stronger plasmonical properties than their solid counterparts. Porous gold nanoparticles were fabricated
on SiO,/Si as well as on sapphire substrates with solid state dewetting and dealloying methods. They were
coated with thin (~5 nm) alumina layer using plasma-enhanced atomic layer deposition (ALD) method.
The samples were annealed for one hour in air at different temperatures. Changes in the morphology were
investigated by Scanning Electron Microscope. Extinction spectra were measured by spectrophotometer
in the spectral range of 300 nm - 2700 nm. The particles preserved their initial state even after annealing
in the temperature range of 350 °C to 900 °C. As far the optical properties are concerned, significant
change of plasmon peaks were observed due to the alumina coating, which did not change during the
annealing.

In the poster presentation it will be shown how Al,O, coating influences the optical and morphological
properties of porous gold nanoparticles.
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We study electronic structures, tunability of photonic bands and associated magneto-optical properties
of a class of two dimensional materials like graphene, phosphorene, borophene by employing density
functional theory. We show how the electronic structures, and photonic band gap can be systematically
tuned in these materials by the application of local strain along armchair or zigzag directions. Emergence
of Dirac cone in the band structures of both borophene and phosphorene under appropriate strain
makes these materials important for tunable electronic transport.

Further, a rigorous numerical formalism is applied to address the photo-thermionic effects in these
systems under monochromatic excitation. In usual metals, free electron densities are high and the
relative fraction of photoexcited hot electrons is low; thus such effects are not so prominent. However in
materials, exhibiting semi-metallic behavior (when Dirac cone appears under/without strain) with linear
band dispersion near the Fermi level, though the free electron densities are high, based on the physical
conditions, the photoexcited densities can overwhelm them, and efficient enhancement of photo-
induced thermalization of electrons under laser excitation is possible. Our results suggest prominent
enhancement of photo-induced electron emission from these two-dimensional materials by suitably
tuning the surface potential, work function etc.
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Short wavelength photons in the vacuum ultraviolet (VUV) spectral region would induce interesting
photo-chemical reactions, since they have high photon energies. In certain photo-chemical interactions
such as surface treatment of soft materials, low-power, incoherent lamp emission, rather than intense
laser emission, may be adequate. Photochemistry of polymers was reported by using VUV emission
sources such as rare gas resonance lamps, deuterium lamps, and so forth [1-3]. Emission spectra of these
VUV lamps are, however, almost monochromatic, which may not be applicable to certain spectroscopy
that requires continuous VUV emissions. In contrast to these monochromatic light sources, a synchrotron
radiation source is presently one of the most versatile continuous emission sources, which can be used
for surface physics and chemistry, and advanced spectroscopy. Photo-dissociation processes of several
simple molecules such as H,, O,, N, and CO have been investigated by using such radiation [4]. This
radiation source is, however, usually large and has limited use. Therefore, photon-stimulated desorption
processes of solid materials such as polymers have not well been understood.

We have demonstrated a spectrally continuous VUV emission source in the wavelength between 115
and 200 nm using a laser-produced plasma (LPP) as a spectroscopic emission source. Despite lower
brightness and coherence compared with those of synchrotron radiation, the LPP emission source
can be easily operated in a compact size in a small-scale laboratory. We have proposed new photon-
stimulated desorption surface spectroscopy using such broadband VUV emissions using the LPP [5].
Adsorbed atoms or molecules on material surfaces should be desorbed and dissociated as a result of
absorption of the wavelength-selected high-energy VUV photons. Material surfaces would be analyzed
by detecting desorbed and dissociated atoms or molecules. This photon-stimulated desorption surface
spectroscopy should have superior characteristics over conventional thermal desorption spectroscopy in
terms of energy and spatial resolutions with minimum heat effect. In this paper, we report new photon-
stimulated surface spectroscopy system using the LPP. The irradiation wavelength dependence of mass
spectra of polyethylene and polyvinyl chloride samples were demonstrated. We have found that the
characteristic differences of the mass spectra were obtained in the wavelength shorter than 200 nm in
each sample. Dissociation of atoms or molecules from material surfaces depended on bond energy or
molecular structure.
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Dye-sensitized solar cells (DSCs) are attracting considerable attention because of their high light-to-
electricity conversion efficiencies. The electron transport from the dye to the electrode plays the important
role in determining the energy conversion efficiency of the DSCs. Here, we examined single-molecule
transport property of a Ruthenium (Il) bipyridyl complex (Fig. 1a) to understand the electron transport
properties of the DSCs at atomic scale. Single-molecule conductance of the Ru complex sandwiched by
Au electrodes via Au-N bonds was measured using scanning tunneling microscopy-based break junction
technique. Figure 1b shows a 2D histogram of conductance traces during stretching process of Ru complex-
junctions. The 2D histogram shows two distinctive single-molecule conductance of the Ru complex at
10 G, (high conductance state) and 10° G, (low conductance state) possibly due to difference in metal-
molecule interface structures. The 2D conductance correlation histogram in Fig. 2 indicates that the
point of intersection between the low and high conductance states has negative value. Hence, the two
conductance states are structurally distinctive (i.e., the low conductance state is difficult to form after the
high conductance state appeared). Considering the structure of the Ru complex, the origin of the difference
between the two conductance states is that the Ru complex binds to Au electrodes using different Au-N
bonding sites in the three bpy units. In conclusion, we determined the single-molecule conductance of
the Ru complex. On the basis of the correlation analysis of the conductance behavior, it is suggested that
electron transfer from the molecule to the electrode is significantly influenced by the adsorption structures.
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The work was motivated by the findings that Rh is an effective catalyst in the reaction of CO+H, towards
alcohols and C_-oxygenates [1,2]. This compound was also formed by the partial oxidation of ethyl groups
[3]. In this study, the interaction of CH,CHO with clean, carbon, oxygen and potassium modified Rh(111)
surfaces was studied to compare the different reaction mechanisms. The adsorbed molecular species
were characterized by HREELS, besides EELS and work function (Ag) measurements. The products in the
gas phase were detected by TPD with a quadrupole mass spectrometer.

The adsorption of acetaldehyde at 100 Kresulted in the formation of n'-(0)-CH,CHO_ and n*-(0,C)-CH,CHO,
species. Upon increasing the temperature the first type of adsorbed molecules desorbed at 150 K. The
remaining molecules formed polymers as a cyclic trimer, 2D, and three-dimensional species, too. Trimer
molecules desorbed at T =225 K. Above this temperature intermediate (n*> - CH,CHO,) acetaldehyde
decomposed to the main products, CH,, CO and to some adsorbed hydrogen and carbon. The inhibiting
effect of surface carbon was found in the desorption of trimers and in CO formation. A direct surface
reaction with preadsorbed oxygen led to the formation of acetate which was identified by HREELS. The
product distribution changed, H,0, CO, and acetic acid were also found by TPD. The thermal stability
of adsorbed acetate increased with the oxygen coverage up to T ;= 325 K. The K atoms have a dramatic
effect on the adsorbed acetaldehyde due to the extended electronic interaction. The amount of adsorbed
molecules increased and the products of their thermal decomposition desorbed in a coincidence peak at
600 K and 630 K. A very similar interaction was found between K and HCOOH on Rh(111) surface [4].
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Dithienylethenes are photochromic molecules that show a change in structural configuration upon
photo-radiation. Photo-switchable molecules have found numerous applications ranging from self-
cleaning surfaces and biosensors to displacement of liquids in lab-on-a-chip devices, optical memories,
photonic devices and logic units. Upon irradiation of the ring open form of a diarylethene with UV
light a 6-m photocyclization reaction occurs, leading to ring closure. Upon irradiation of the closed
form with visible light the reverse ring opening’ reaction occurs. We developed a dithienylethene self-
assembled monolayer (SAM) on a Ag surface. Here we report on the photo-switchable wettability of this
dithienylethene-functionalized Ag surface. The SAMs were characterized by contact angle measurements
and X-ray photoelectron spectroscopy (XPS), while their electrical properties (J(V)) were studied with
liquid eutectic Ga—In (EGaln) as a non-damaging, top-contact electrode. XPS analysis of the film revealed
the presence of bound thiolate, which confirms the chemisorption of the dithienylethene switch on Ag.
Changes in water contact angle of 10+2 degree were observed as the surface-bound molecules switches
from the ring closed to the ring open form under UV-visible radiation. The conductivity of these SAMs in
both configurations also show marked differences.

302



M

<&

€COosSsS

27 AUG - 1 SEP 2017
SZEGED, HUNGARY

33

POSTER PRESENTATIONS

Tue-PS1-19
Monolayer-to-thin-film transition in supramolecular assemblies on graphene

Zachary P. L. Laker', Alexander J. Marsden?, Oreste De Luca?, Luis M. Alves Perdigao?,
Giovanni Costantini?, Neil R. Wilson'

" Department of Physics, University of Warwick, Coventry, CV4 7AL;
2 Department of Chemistry, University of Warwick, Coventry, CV4 7AL

Supramolecular assembly is intensively studied as a route to bottom-up synthesis of nanomaterials,
among other areas. In these assemblies, molecules or ions interact through non-covalent forces (such as
van der Waals and hydrogen bonding) to create macroscopic structures. In 2D assemblies, like monolayers
of molecules, the substrate also plays a role in the self-assembly, which again interacts with the overlayers
through non-covalent forces.[1,2]

Here, we investigate how supramolecular assembly affects the transition from monolayer to thin-film
for the two organic molecules trimesic acid (TMA) and terephthalic acid (TPA) deposited onto graphene.
The graphene is produced via chemical vapour deposition onto copper foils which enables both the
monolayer and thin films to be studied: the graphene-copper is locally atomically flat for accurate STM
measurements, but is also easily transferred to TEM supports for aberration-corrected TEM imaging and
electron diffraction. We reveal that, despite the chemical similarity between the two molecules, different
monolayer-to-thin-film transitions are seen for each of them. For TMA, the monolayer self-assembled
chicken wire structure templates up through a film 20 nm thick, while for TPA, a quick transition to the
bulk structure after only a few layers is seen. These results have important implications for how self-
assembly can produce 3D structures, and for how STM can be coupled with TEM in order to directly
measure the relation between 2D networks and their 3D counterparts.
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Figure 1: (a1) to (d'I) brightfield TEM images of TMA thin films of increasing deposition time as
marked, with corresponding low-dose selected-area electron diffraction patterns (a2) to (d2) on

which graphene and TMA diffraction peaks are labelled.
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Figure 2: (a1) to (d1), brightfield TEM images of TPA thin films of increasing deposition time as
marked, with corresponding low-dose selected-area electron diffraction patterns (a2) to (d2) on

which graphene and TPA diffraction peaks are labelled.
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Chirality at surfaces has become an active research area targeting possible applications for enantioselective
separation or detection. In this context, significant success has been achieved these past decades by
developing new methods for a better understanding of enantiospecific interactions of chiral adsorbates with
surfaces. ,Chiral surfaces serve as media for enantioselective chemical processes. Their chirality is dictated
by atomic- and molecular-level structure, and their enantioselectivity is determined by their enantiospecific
interactions with chiral adsorbates. This Perspective describes three types of chiral metal surfaces: those
modified by adsorption of chiral molecules, those templated by chiral lattices of adsorbed species, and
those that are naturally chiral. A new paper in this issue of ACS Nano offers insight into the intermolecular
interactions that govern chiral templating of surfaces. This Perspective then outlines three major challenges
to the field of chiral surface science: development of methods for detection of enantiospecific interactions
and enantioselective surface chemistry, preparation of high-area chiral metal surfaces, and the development
of a fundamental, predictive-level understanding of the origin of enantioselectivity on chiral surfaces.” [1,2]
Here, we propose a promising route to obtain a fundamental understanding of enantiospecific interaction
of chiral molecules on metal surfaces using field emission based techniques. This technique has been
chosen for its particular advantage to expose a wide range of structurally different facets in one atomically
resolved picture. This diversity allows us to screen, with one sample, the interactions between a chemical
species and a number of facets during the adsorption process.

Field lon Microscopy (FIM) and Field Emission Microscopy (FEM) are the two methods used in this study.
These two techniques allow to image the surface at the apex of a sharp metallic tip with a high resolution
and in real space. In FIM mode, an imaging gas is ionized at the surface and the resulting atomically-
resolved pattern shows a variety of facets with different structures inherent to the crystal lattice of the
sample (Fig1.a). Kinks and steps of the surface are also shown on the ball-model of the tip on Fig 1c. In
FEM mode, where the imaging principle is based on the emission of electrons (Fig 1.b), the brightness will
vary in the presence of adsorbed species due to changes in the work function. It allows us to work with a
wide range of temperature and pressure.

In order to observe the adsorption, the Pt surface is kept at temperatures between 150 and 300 K, and
then exposed to vapors of D or L-alanine. The in-situ FEM pattern is recorded with a high-speed camera.
The whole process is also performed in absence of alanine molecules to perform blank experiments
(Fig 1. a and b). Therefore, the net adsorption sites can be imaged by removing the background image,
as shown on Fig1d.

Our results show a clear preference of the alanine to adsorb on chiral facets. Although the 20 A resolution
of the FEM does not allow to unravel the edges of the facets of interest, the net images after exposures
to one enantiomer of alanine show the occurrence of an enantioselective adsorption over sector of the
same chiral symmetry. These results show that L-alanine has a strong tendency to adsorb onto R facets.
Conversely, D-alanine adsorbs onto the S facets.
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Figure 1. a) Field ion micrograph of a (100)-oriented platinum tip sample (imaging condition: T = 50K, F = 35V/
nm, P, =10"Pa). (b) Field electron micrograph of a (100)-oriented platinum tip sample (imaging condition: T =
50K, F = 3V/nm, UHV). (c) Ball model depicting the field ion micrograph. (d) Image showing the net adsorption
spot of L-alanine on a platinum tip at 300K (P, . =3.10“Pa, t =120sec, V=-1.8V/nm)

adsorption
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Antiferromagnetic domains in epitaxial CoO ultra-thin layers grown on Pt(001)

Anne D. Lamirand, F. Maccherozzi, T. Forrest, A. Wilson, S. S. Dhesi
Diamond Light Source, Chilton, Didcot, Oxfordshire OX11 ODE, UK

Antiferromagnetic (AFM) spintronics is a new, rapidly developing and promising field in solid state
physics. The intrinsic high frequencies of AFM dynamics and their insensitivity to external magnetic field
are key assets for competing standard electronics. [1] However, the area is limited by the poor knowledge
of the microscopic structure of the AFM thin films, especially in their surface and interfaces.[2] Here we
used electron microscopy combined with linearly polarized x-ray to image both magnetic and crystalline
domains in CoO layers grown on Pt(001).

Bulk Cog) is AFM below T ,=293K. In the paramagnetic phase, it crystallizes in rock-salt structure with
a=4.26 A. Below T, the structure becomes monoclinic. The concomitant changes in the structure and
magnetic properties suggest that distortion and AFM are linked intimately by magnetostriction. As a film,
the magnitude and orientation of its magnetic moment are highly sensitive to strain through the local
crystal field [3].

CoO layers were prepared in situ by molecular beam epitaxy (MBE) under oxygen pressure on clean Pt(001)
single crystal surface. Magnetic domains were observed by photoemission electron microscopy (PEEM)
using x-ray magnetic linear dichroic (XMLD) contrast at Co-L, edge. Crystalline domains were measured
by dark-field low-energy electron microscopy (LEEM). We observed that magnetic domains of CoO on
Pt(001) match perfectly with crystalline domains indicating that the magnetic moments are pinned by
the atomic structure. Crystalline domains correspond to twinned domains (2 hexagons rotated by 90°)
on the square Pt surface. A strain-induced slight monoclinic distortion of the unit cell likely fixes the
orientation of magnetic moments along [010]__, in each domain through the local crystal field, leading
to the magnetic domains shown in figure 1c [4].

(2) XMLD-PEEM (b) Dark-field LEEM ©

OO0
? ]
?4 5

M PO SCo

Figure 1: (a) CoQ, antiferromagnetic domains observed on Pi(001) by PEEM using XMLD
contrast at Co-L3 edge. ¢ orientation J, (b) Dark field

image of the same area measured by LEEM. Dark (bright) areas correspond to crystalline
domains with [01Q]can oriented parallel to [1 -1 0]g, ([110]g). (¢) Atomic and magnetic

structures of CoQ on Bi(001).
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Titanate nanotube supported plasmonic gold and rhodium particles for
heterogeneous photocatalysis
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3 MTA-SZTE Reaction Kinetics and Surface Chemistry Research Group, Rerrich Béla tér 1., Szeged, H-6720,
Hungary;

*ELI-ALPS, ELI-HU Non-profit Ltd.- Szeged Hungary

The photocatalytic reactions in the CH,+H,0 and in the CO,+H, systems were investigated in this research.
The methane-water reaction could be important in energy storage while the CO,-reduction can be useful
for CO, capture [1,2]. The photon-driven variants of these reactions could be promising alternatives of the
thermal reactions in the future when the utilization of solar energy will be unavoidable.

Titanate nanotubes are attractive materials for photocatalysts because of their high surface area, elongated
shape, good ion exchange capability and suitable semiconductor properties [3]. We modified them with
Au and Rh co-catalysts in order to improve their photocatalytic activity. The catalysts were characterized
with transmission electron microscopy, X-ray photoelectron spectroscopy and UV-VIS spectroscopy. The
photoreactions were carried out in a flow-type photoreactor in gas phase. A mercury-arc UV source was
used for excitation. In-situ infrared spectroscopy was used to investigate the surface composition of the
catalysts during the reactions.

The metal modified catalysts showed increased activity in the reactions and the effect of the metals
strongly correlated with their chemical and physical character. The size of the nanoparticles we used is on
the borderline of molecular-like clusters and metallic particles. The molecular orbital interactions between
the small metal clusters and the reactants and the metallic state with excitable plasmon resonance have
to be also taken into account in this size range. We suggest that the photocatalytic excitation of the
plasmon oscillation takes place in the reaction mechanisms in case of Au catalysts, but Rh acts in a more
classical way.

Acknowledgements:
Financial support of this work by the Hungarian Research Development and Innovation Office through
grants GINOP-2.3.2-15-2016-00013 and NKFIH OTKA K120115 is gratefully acknowledged.
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Surface spectroscopic analysis of transition metal doped TiO, nanoparticles

Lee Hangil
Department of Chemistry, Sookmyung Women'’s University, Seoul 140-742, Republic of Korea

The modified anatase TiO, nanoparticles to enhance their catalytic activities by doping them with the
five transition metals (Cr, Mn, Fe, Co, and Ni) have investigated using various surface analysis techniques
such as scanning transmission X-ray microscopy (STXM) and high resolution photoemission spectroscopy
(HRPES). To compare catalytic activities of these transition metal-doped TiO, nanoparticles (TM-TiO,) with
anatase TiO, nanoparticle, we monitor their performances in the catalytic oxidation of 2-aminothiophenol
(2-ATP) by using HRPES and on the oxidation of 2-ATP in aqueous solution by taking electrochemistry
(EC) measurements. As a result, we clearly investigate that the increased defect structure induced by the
doped transition metal are closely correlated with the enhancement of catalytic activities of TiO, .
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Atomistic modeling of alkali metals (Li, Na, K) intercalation into graphite

Olena Lenchuk, Doreen Mollenhauer
Justus-Liebig-University GielSen, Institute of Physical Chemistry, Heinrich-Buff-Ring 17, 35392 GielSen

Sodium-ion batteries (SIBs) are potential candidates for the energy-storage applications of the next
generation [1]. Due to abundance of sodium in nature, sodium-ion batteries are considered as the best
alternative power sources to traditionally used lithium-ion batteries. The intercalation chemistry of
sodium and lithium is similar and therefore similar battery compounds can be used for both systems
[2]. One of the challenges in SIBs is to design anode materials with high storage capacities. Graphite,
which is commonly used as a negative electrode, hardly intercalates sodium ions. The sodium-rich binary
graphite intercalation compounds (b-GICs) are energetically not stable [3-4]. The working hypotheses of
the observed behavior include (1) mismatch between the graphite structure and the size of the Na ion
and (2) unfavorable stretching of C-C bonds between two graphene layers. In the following study, we
address these hypotheses and investigate the influence of alkali metals (AM = Li, Na, K) on graphite by
means of density-functional theory calculations. The stability of AM-GICs with increasing concentration
of alkali metals is evaluated by formation energies. The energetically preferable distribution of alkali
metals in graphite and their influence of the graphite stacking sequence are carefully considered. The
difference in bonding nature between Li, Na as well as K and graphite is estimated in a systematic way.
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Adsorption of CO and H,O on Fe O, surfaces studied by density-functional theory

Xiaoke Li, Joachim Paier
Institut ftir Chemie, Humboldt-Universitdit zu Berlin, Unter den Linden 6, 10099 Berlin, Germany

Atomic level understanding on the interaction of CO and H,O with oxide surfaces is of crucial importance
in solving problems like hydrogen production and alternative energy conversion strategies. Fe,O,
(magnetite) represents a versatile oxide material due to many industrial applications [1,2]. This work
reports results on periodic models of adsorbed CO and H,0 on various Fe,O, surfaces. We study the
adsorption thermodynamics and infrared spectra of the aforementioned adsorbed species in order to
characterize these systems. We employ density-functional theory using the Perdew, Burke, Ernzerhof
[3] gradient-corrected exchange-correlation functional including a correction for the Fe 3d levels by an
onsite Hubbard-type U parameter. This approach was shown to perform accurately [4,5].
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Adsorption and thermal reaction of 1H-pyrazole on Cu(100)

Jong-Liang Lin
Department of Chemistry, National Cheng Kung University, Taiwan

The studies of nitrogen-containing heterocyclic compounds are of importance in combustion chemistry,
environmental protection, surface modification and corrosion inhibition of copper. Adsorptionand thermal
reaction of 1H-pyrazole (C,N,H,) on Cu(100) have been investigated with temperature-programmed
reaction/desorption, reflection-absorption infrared spectroscopy, X-ray photoelectron spectroscopy and
calculation in the framework of density functional theory. TH-pyrazole can be adsorbed on Cu(100) at
120 K, with intact molecule and the dissociative form of C,N,H, by 'N-H bond scission. At 250 K, only the
C,N,H, intermediate with C,N, ring structure exists on the surface. The theoretical result predicts that
1H-pyrazole is adsorbed on Cu(100), with the N atom located at atop site and the C,NH, intermediate is
bonded to the surface via the two N atoms near two neighboring copper atoms. The dehydrogenated
TH-pyrazole species (C,N,H,) has the C_and N, binding energies at 285.3 and 400.0 eV, respectively,
and has infrared absorptions at 981, 1255 and 1475 cm™ from the ring bending, N-C stretching and C-H
bending modes. The C,N,H, intermediate decomposes on Cu(100) at ~550 K, generating HCN, N,, CH,CN
and H,. No hydrocarbon products are found. These products reveal the dissociation pathways of the
C,N_H, intermediate. The N, is from the cleavage of the 'N->C and °N-*C bonds. The HCN and CH,CN

products are due to the 2N-'N and 3*C-*C bond scission.
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Preformed cluster mobility as a probe for surface characterization

Julie Lion, Pierre Billaud, Alain Sarfati, Nouari Kébaili

Laboratoire Aimé Cotton — UMR 9188 — CNRS, Université Paris-Sud et Ecole Normale Supérieure de Cachan,
Bat 505, Campus d'orsay F-91405 Orsay Cedex, France

An interesting and original approach step in the elaboration process of nanostructured materials consists
of using preformed nanoparticles as elementary building blocks instead of atoms or molecules. In this case,
the nanostructures obtained have shown that the morphology of islands grown on surfaces from soft-
landed preformed clusters depends on the nature and temperature of the substrate, on the nature, size
and flux of the clusters.

We have extended those studies to the benchmark deposition of metal clusters on different characteristic
surfaces. It appears that, as the mobility of deposited clusters is highly influenced by the surface electronic
and topological properties, then nanostructures obtained can also be seen as characteristic signature
of local surface structure. Could we use the clusters, not only as building blocks, but also as a local
probe for the surface characteristics is the main raised question here. The use of clusters deposition as
probe for surface states characterization appears as an attractive and remarkable tool.
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Surface plasmons on aluminum particles and silicon nanocrystals in
off-stoichiometric SiO, films used to increase the conversion efficiency in silicon
solar cells

Jesus Carrillo Lépez, José Alberto Luna Lopez

CIDS-ICUAP, Benemérita Universidad Auténoma de Puebla. Ed. 103 C, Col, San Manuel, Apdo. 1651, Puebla,
Pue. México 72570

Currently, photovoltaic (PV) energy is one of the most attractive options for generating electricity using
clean and renewable energy. However, PV energy is not yet economical compared to energy obtained
through conventional sources. Therefore, it is essential to reduce manufacturing costs of solar cells,
which constitute the PV modules. Research of silicon nanocrystals (Si NCs) has been actively conduced
because Si NCs have shown intriguing properties such as bandgap control with nanocrystal size, very
fast optical transition, and multiple carrier generation. Recently, we showed it is possible to increase the
energy conversion efficiency of silicon solar cells by means of silicon rich oxide (SRO) films deposited on
the solar cells surface. These films have the optical property of absorption below 300 nm radition (UV),
so that the absorbed energy by the SRO film is then reemitted as red light (photoluminescence). Silicon
solar cells have a greater response in the 500 to 1000 nm spectral range, so that the redshift of the short
wavelenghts offers an increase in the efficiency of the silicon solar cell. On the other hand, the emerging
field of plasmonics has yielded methods for guiding and localizing light at the nanoscale, well below the
scale of the wavelenght of light in free space. Now plasmonics researches are turning their attention to
solar cells, where design approaches based on plasmonic can be used to increase the absorption in PV
devices.

In this work we present the design and fabrication of a silicon solar cell structure, which uses the combined
effects of a passivating Silicon Rich Oxide (SRO) Film Silicon with silicon nanocrystals embedded, and
localized Surface Plasmons on aluminum particles deposited on the SRO film. Results on improved
electrical and optical parameters, like as fill factor, efficiency and spectral response, are compared with
those for conventional SiO, (SILOX technique) — covered silicon solar cells. Short Circuit Current, Open
Circuit Voltage and Conversion Efficiency values for different aluminum nanoparticles sizes are presented.
Also, the spectral response of the solar is presented and compared with simulation results based on a
point dipole model.
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Multi-wall carbon nanotubes grown by USP-CVD: study of the growth time ratio
against its length

A. Garzon -Roman’, J. A. Luna Lopez’, A. D. Hernandez-de la Luz', M. E. Rabanal Jimenez?
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Spain

Multi wall carbon nanotubes (MWCNTs) are an allotropic form of carbon, MWCNTs are studied extensively
since they were discovered in 1991 [1, 2]. Their potential applications are many and varied as [3]: hydrogen
storage, field emission, composite materials, catalysts, nanoelectronic devices, printed electronics,
supercapacitors, ultra-light composites [4-10], owing to their different properties such as: mechanical,
electrical, thermal and chemical. These kinds of structures are built using different carbon-based
precursors and metallic catalyzers; such structures are obtained by several methods, which allow the
CNT synthesis. Among these methods, we find the dc arc discharge, laser ablation, PECVD, among others
[2, 11-13]. There is some simple and inexpensive method, where it is possible to obtain high quality CNTs,
but the main problem is the high temperature needed for the synthesis, others only can to be used to
produce to the lab scale, but both need one additional process of purification. For large-scale production
the Catalytic chemical vapor deposition technique (CCVD) has been is used [14-20] and this method
working at low temperatures (<800°) is simple and cheap with median purity, but the CNTs grown contain
some defects and there is sometimes a risk with the atmosphere used in the furnace. Spray pyrolysis (SP)
is an appropriate technique for the preparation of different thin films as transparent conductor oxides
[20-21], sulfides [22], and nitrides [23].

In this paper, the growth of Multi-Wall Carbon Nanotubes (MWCNTs) using toluene and ferrocene
as precursors by ultrasonic spray pyrolysis with chemical vapour deposition (USP-CVD) is reported.
The MWCNTs were synthesized on silicon substrates under optimal conditions. The investigation was
performed using different growth times of 2, 3,4, 5 and 10 minutes, in order to examine their effect on the
quality of the nanostructures and length of the carbon nanotubes produced, these lengths were of 16, 29,
47,80 and 142 um, respectively. Structural, optical and morphological differences of the MWCNTs grown
as vertical columns are studied and discussed. The micrographs were obtained using a Field Emission
Scanning Electron Microscopy (FE-SEM) and High Resolution Transmission Electron Microscopy (HRTEM)
and they correspond to the MWCNT growth times of 2, 3, 4, 5 and 10 minutes, for which we obtained their
diameter of around of 18, 38, 40, 25 and 28 nm, respectively. The Raman spectra show the MWCNTs with
a high quality, as is evidenced by the | /I_and L /I _intensity ratios of 0.53 and 1.11, respectively.
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Fig. 1. Raman spectra of the CNTs grown on silicon substrates varying the growth time.

Fig. 2. The CNT TEM images obtained under different growth times conditions in low magnification, (a)
2 min.
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Adsorption and dehydrogenation of napthalene on nickel(111)
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The gasification of biomass is an important step in the production of renewable energy in the form of
syngas from organic waste. To be able to use the gas product as an energy source the heavier hydrocarbons
such as naphthalene, that are typically present, are a hindrance. An elegant way to remove these is by
catalytically converting them to more useful molecules such as CO and H2.[1] Nickel based catalysts are
commonly used for the conversion of hydrocarbons and are considered a possible catalyst also for biomass
gasification[2], but are notorious for being poisoned due to strong chemisorption. [3] Here we have used
Scanning Probe Microscopy (STM), Temperature Programmed Desorption (TPD) and Density Functional
Theory (DFT) to investigate the adsorption and dehydrogenation of naphthalene on Nickel (111) in Ultra
High Vacuum (UHV).

STM measurements show that at room temperature naphthalene adsorbs flat on the smooth terraces
with the aromatic rings centered on top of Ni-atoms. Near terrace edges the layer is 0.25A higher because
naphthalene adopts a tilted geometry; standing on its’ side creating two Ni-C bonds and two hydrogen
atoms. Preliminary DFT results confirm these findings.

Hydrogen production from naphthalene was monitored by measuring desorption of molecular hydrogen
from the naphthalene covered surface. TPD of molecular hydrogen shows one sharp peak around 400 K
and one broader peak above 500K. The sharp peak broadens and shifts down in temperature with
increased coverage in the first monolayer. After molecular hydrogen has been desorbed the surface is
covered in carbon fragments that hinder further catalytic activity. This passivation was investigated by
running multiple subsequent TPD cycles. Both peaks in the hydrogen TPD lose intensity after each cycle
at different rates. After 6 cycles the catalytic activity with respect to hydrogen production was negligible.
Dosing naphthalene at 470 K increases the intensity
of the second peak substantially. We calculated that
through this dosing scheme the hydrogen production
yield can be increased by 60% without increasing
carbon passivation. We tentatively attribute this to
closer packing of partially dehydrogenated molecules
on the surface that potentially adsorb in a tilted
geometry also on terrace sites. These studies add to the
understanding of hydrogen production mechanisms
that are important in gasification of biomass.
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Ellipsometric and XPS study of Zr and ZrO,
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Zirconium and its oxide have been applied in a broad range of fields. Zr and Zr alloy tubes for example are
used in the nuclear industry as cladding for fuel elements, because Zr has low absorption cross section
for neutrons. Understanding its oxidation during the operation of nuclear reactors is a major safety
issue [1]. Zr tubes made of E110G alloy with diameters of 9.1 mm have been investigated in this study by
spectroellipsometry using focusing (Fig. 1). The measurement series included not only the original (as
received) material, but several cladding tubes have been oxidized in steam atmosphere at temperatures
of 6000C and 8000C for different durations. Multi-sample and depth profiling optical models have been
used to evaluate the measured ellipsometric spectra to determine the refractive index and the extinction
coefficient in function of wavelength for both the Zr alloy and its oxide and the oxide thicknesses.
A vertical inhomogeneity of the oxide properties has been found by the ellipsometric measurements
as well as by depth-profiling X-ray photoelectron spectroscopy investigations (by applying low energy
Ar ion bombardment) that have shown the formation of sub-oxides at the interface region of Zr and its
surface oxide.

Fig. 1. Ellipsometric measurement of a Zr alloy tube for nuclear fuel cladding using focusing.
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XPS MultiQuant: multimodel XPS quantification software
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Quantitative evaluation of XP spectra is a major issue in surface characterisation. Although lots of XPS
quantification methods and programs are developed and published, usually the simplest ones are built
into the commercial data systems broadly used in the practice. The aim of developing the XPS MultiQuant
program was to give a freely available tool to the surface analysts, and producing the correct analytical
results in most of the cases. Both the two main tasks of a quantification program: calculation of surface
composition and layer thickness calculation can be performed.

Chemical composition

The surface chemical composition is calculated by the infinitely thick homogeneous model. The program [1]
has a built-in library with all basic data for the quantification. All of the usual factors and correction methods,
including cross section, asymmetry parameter, analyser transmission, IMFP, can be applied. Calculation for
several samples or experimental data sets can be performed simultaneously. Chemical compositions can
be presented in several ways, like Atomic %, Atomic ratio or Mass %, Oxide %, etc. A correction method can
compensate the effect of adventitious carbon contamination up to 5 nm thick hydrocarbon layer [1].

Layer thickness

Several sample geometry models are available for layered structures on flat and curved surfaces. Setting
up of a layer model by the program is easy and can be applied routinely [2-3]. The layer thickness
calculations can transform the surface composition results into an other dimension. Thickness data, even
they are not absolutely precise, give more information on the studied system.

Unique features

« Curved surfaces (spherical or cylindrical) and nanotubes, covered by thin overlayers, are frequently occurred
and applied in the practice of surface analysis. XPS MultiQuant includes these special models to calculate
layer structures on powders, fibres [2] and even on randomly stacked cylindrical shape nanotubes [3]. The
layer thickness from an angle dependent experiment sets (ARXPS’) can be calculated together.

+ The program can also be used for simulations: the integrated photoelectron intensity can be calculated
for a defined composition and model layout.

+ The software made to be ready to communicate with other XPS related applications through XPS
Reduced Data Exchange Files [4].

XPS MultiQuant is freeware for non-commercial use and is available from the homepage of the program
(http://aki.ttk.mta.hu/XMQpages/XMQhome.htm).
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The variety of applications of me